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Abstract

Lighting design is a critical part of all building

design processes for both new construction and renovation

work. Performing lighting design properly takes a large

amount of time and effort. The primary objective of this

thesis effort was to develop a computer software package

that would help base engineers pertorm the calculation

stage of interior lighting design quickly and accurately.

Because the base engineer will have available to him

many different types of computer systems, a second

objective of this thesis was to make the program as

transportable between computer systems as possible. The

primary system that the program was designed for was the

Wang pc system because of its wide spread use within the

Civil Engineering community.

The program developed for this thesis effort is

entitled LIGHTIA, and uses the Zonal Cavity Method of

lighting design. LIGHTIA was developed to be menu driven

to enhance user friendliness, and has a large data base

filing system to allow the base engineer to store a number

of lamp, fixture, and room color criteria. LIGHTIA was

programmed in the language of BASIC to allow transport-

ability between computer systems, and has been tested on

the Wang pc, the Zenith Z-248. and the TeleVIdeo XL.

ix

I3



W W W1IW41qW1rVrVrWKX. swte Cw lU.r ,sr z rw rFr iF 1W rM Kx "RP -twn "Ma W- as' " r- w- VW WV V- Vsn V. .r

AUTOMATED INTERIOR LIGHTING DESIGN SOFTWARE
FOR BASE CIVIL ENGINEERS

I. Introduction

General Issues

Interior lighting design is one of the many important

duties that must be performed by design engineers during a

construction project. This is true whether the project is

the renovation of a single room or an entire building. It

also applies to most. if not all, new construction

projects. If accomplished properly, the lighting

installation will help ensure that the total construction

project has a professional appearance. Also, if the

lighting design is considered at the beginning of a design

project, instead of as an afterthought, "...the lighting

and the architecture can become one cohesive system in

meeting the occupant's needs" (33:38).

"Visual accuracy is not all there is to a person's

need for light (10:140)." Not only can a person's

perceptions of an area be affected by the lighting pattern

(33), but quality lighting can increase the performance of

the user (10). A well designed lighting system has many

positive effects for the user. Two of these positive

effects are overall safety in the area and the aspect of
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increased task visibility. Also, a good lighting system

can reduce the fatigue and unnecessary eye strain that

results from poor lighting (7:70). Also studies have shown

that the quality and intensity of light might very well

affect the biological reactions of people (29)(30). "Light

controls biological rhythms, regulates production of

* hormones, and affects metabolism of specific areas in the

brain (30:11)." Simply stated, "Research conducted in the

last few years has revealed a number of mechanisms by which

light affects our productivity, health, biologic rhythms.

moods, and general sense of well being (31:4)."

A problem exists doing lighting designs. Design

engineers either spend a great amount of time performing

proper design calculations and comparison designs

(comparing different lighting designs for the best "fit"),

* or they use shortcut techniques to allow them to "get the

job done." Design time for the typical design engineer is

valuable, and shortcut methods which produce minimally

acceptable lighting designs are widely used. Fortunately,

there is a solution. With the use of a computer, and the

proper software, design engineers can produce quality

lighting designs in less time, while forgoing less than

acceptable shortcut methods. Computers can help design

engineers efficiently pull '3gether the large amount of

data that is required by good lighting designs (10).

1.2



But, what computer system is best in supporting the

design engineer? Personal computer (pc) systems such as

the Zenith Z-100, along with IBM compatibles like the

Zenith Z-150 and Z-248 series, and the TeleVideo XL are all

available to the base engineers if their bases can afford

to supply them. The Wang computer system, on the other

hand, has been selected to support the Air Force Work

Information Management System (WIMS). and has been awarded

a contract currently known as the Air Force Minicomputer

Multi-User System (AMMUS) (13). The WIMS system is

specifically intended to supporting the Civil Engineering

community of the Air Force. The AMMUS contract calls for

the Wang computer system to be installed at 153 Air Force

locations in support of the WIMS. Since this computer

system will be widely available throughout the Air Force to

base civil engineering groups. it is logical for the base

engineer to use it for as many applications as possible,

including lighting design. A software package on lighting

design, capable of working on the Wang computer system, and

as many of the other computers listed above as possible,

would be ideal for the base design engineer. In this way,

no matter what computer system the design engineer has

available, the lighting design package could be used.

Background

To acquaint the reader with good lighting design

procedures, this background section will summarize the

1.3
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necessary steps that must be taken by the design engineer

while performing a lighting design. Although there are

many ways tc calculate the amount of light sources needed

in a certain space, the most common one, the Zonal Cavity

Method, will be described. For those who want a greater

understanding of this process in lighting design,

Chapter 11 of this thesis will provide a much more detailed

explanation of the process, and also works examples to help

in the reader's understanding.

There are three major stages in performing a lighting

design. The first stage is the calculation stage which

includes the gathering of information necessary to perform

the calculations. The second and third stages are the

layout and iterative stages of lighting design. ThQ oa,

of the first stage is to calculate how many light fixtures

of a particular type is needed to illuminate a surface to a

predetermined level. The second stage is used to place the

fixtures in a pattern around the room to eliminate any

"dark" spots on the surfaces being lit. The third stage i:3

* the repeat stage, where the design engineer reworks the

4. calculation and layout stages over again so that two or

more designs can be compared together to enable the "best"

design to be picked. This may be the most Important stage

4. of all -- and is the one that is skipped when "time is of

the essence."

I. 1.4
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The second stage. the layout stage, of the design

process can be loosely considered to be an "art," and most

of the time will depend upon the design engineer's

background and knowledge. Many rules-of-thumb exist for

the layout of the lighting fixtures, but all-In-all the

final decision rests squarely on the design engineer's

shoulders. "Good lighting design means putting light --

and the right kind of light -- where it is needed"

(10:140). Since this is the case, no "canned program" can

tell the designer where to ultimately put the light

fixtures.

As stated before, the third stage of the lighting

design process, the iterative stage, is when the design

engineer repeats the first two stages. Multiple designs

are necessary because it is unlikely that the design

engineer will choose the "best" design the first time,

given that there are so many design criteria that must be

taken into consideration. This design criteria is the

input information needed for the first stage, the

calculation stage. As the following paragraphs will

explain, there are many different types of lighting

systems, including different luminaire types and styles, as

well as different types of lamps and ballasts. There is no

rtngle "best" solution for all cases, even from office to

office, and there is always an alternative (7:73). All

this means is that to do a lighting design properly, a
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design engineer must perform the design a number of times.

each with a little different design concept, and then

choose the "best" design for the given situation.

Since the second stage is heavily dependent upon

design engineer's choice, and the third stage can be

skipped (although not recommended by this thesis effort),

the first stage, the calculation stage, is the stage of

primary interest. This is the stage, that. when repeated

takes the major amount of time. The reason the calculation

stages take so long to complete, is not that the

calculations are long, but that the information needed to

perform the calculations takes quite a bit of time to

assemble and interpret.

The information requirements of the calculation stage

can be broken into two main parts, the room information.

and the luminaire information. (A luminaire can be

considered a total light package, Including the fixture, or

housing, the lens, the lamp, the ballast -- If necessary.

and any other Item necessary to make the package work.)

The room information necessary to perform a proper

lighting design include basic information about the room

itself, and about how the room is used. Actual dimensions

of the room Including its floor area and the ceiling.

luminaire and working surface heights must be known. This

information is then combined into "factors" called room

cavity ratios (RCR's) which ultimately help determine how

1.6
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the room allows the iignt to be "spread" out within it.

Differently dimensioned rooms will have different RCR

factors. Room surface reflectances (how much light a given

surface will reflect) is also important information about

the room. To use extremes as an example, a room painted

totally white will be much brighter than a room painted

totally black. The reason for this is that the color white

reflects much more light than does the color black.

Because of this, the actual room surface colors must be

known to determine how much light will be reflected back

Into the room from the walls, the ceiling, and the floor.

Along with the information about the room itself,

information about how the room is used must be known. The

actual activity performed In the room will determine the

amount of light that is necessary to perform that activity

properly. Hallways where people walk and talk do not need

nearly the light that is necessary in normal offices where

reading and writing occurs, and these offices do not need

the quantity of light that is required in a drafting area,

or similar areas where fine detailed work occurs. The AFR

88-15, Section 16-10, states that all Air Force

installations will be illuminated to a maximum "ambient

light level" that matches its specific type of usage (5).

This m ans that for any given room, the general lighting

level will not exceed a certain amount. For example. 311

general office space will not have any more than 50

1.7
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rootcandles ,rc) on any given work surrace. A rootcandle

is the amount of light a candle will put out if measured

one foot from the flame. Any additional light that is

necessary for the user to do his job must be supplied by

"task lighting", for example, a desk lamp. Different rooms

have different "ambient light levels" allowed for the given

use of the room, a conference room is allowed 30 fc, a

warehouse is allowed 10 fc.

Closely tied to the room usage is the cleanliness

factors of the room. Areas that have a high level or dirt

accumulation will have very definite affects on the

maintained lighting level in the area. As the dirt

accumulates on the rooms surfaces, the surfaces ability to

reflect light will be reduced. This cleanliness factor is

combined with other light depreciation factors inherent to

the luminaire to come up with a total light loss factor

(LLF) for the lighting design.

The actual room dimensions, the surface reflectances.

the room usage criteria, and the cleanliness factors are

the information areas that must be assembled under the room

information part of the calculation stage in lighting

design. The other part that must be completed prior to the

actual calculations being performed is the accumulation of

the luminaire information. Whereas the room information is

needed to fiure out how the room "uses" the light that Is

in it, the luminaire information is needed to figure out

1.8
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how much light each tixture will supply to the room and how

it will "spread" out the light that it produces.

Luminaires come in many types, styles, and sizes. In

general, the design engineer will consider the area usage

to determine the type of luminaire to use. Most commonly,

incandescents are used only for specialty lighting or for

very small areas because of their high energy consumption.

Fluorescent luminaires are the most common choice for

general office type lighting, whereas high intensity

discharge (HID) luminaires are used primarily in

warehousing and other high ceiling areas. (Note the words:

"most common" and "primarily" are used do to the fact that

there are some florescent luminaires made for high ceiling

areas, and some HID luminaires made for office

applications.) Once the luminaire type is chosen, the base

engineer must select the particular style to use.

Luminaire style is important because each style of

luminaire will have different "light spreading"

characteristics. Reflector shape, lens type, and internal

mounting distance of the lamp from the lens will cause the

light to be dispersed from the luminaire in a particular

manner. One way to measure the effectiveness of a

luminaire in dispersing the light properly into a room is

with a Visual Comfort Probability (VCP) rating. VCP is a

number which represents the theoretical number of people

out of 100 who may be expected to say that the lighting of

1.9
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an experimental room is comfortable when lit with a given

style of luminaire (28:60). Lamp and ballast types must

also be chosen in this part of the information

requirements. Different lamps, especially fluorescent,

have different color characteristics. For example warm

white lamps emphasize the "reds" in a room where cool white

lamps emphasize the "blues." Also, lamp and ballast

choices must be made carefully because not all lamps and

.1 ballasts will work properly together (7:69). Once this

"o information on the luminaire is chosen by the base

engineer, it can be used, along with the room information,

to complete the design calculations.

Specific Problem

The previous section should have given the reader a

greater understanding of the decisions the design engineer

must make to perform proper lighting designs. Also, the

reader should understand that each stage is vital to a

proper design, and shortcut methods, or the "skipping" of

any of these stages, will not produce the best design. In

addition, the reader should now understand that good

lighting design is as much concept or thought oriented as

it is calculation oriented.

Captain W. M. Duncan, in his 1983 AFIT thesis on

computer-aided design (CAD), states that "any task

involving extensive 'number crunching' can be improved by

using computers to do the calculations thus freeing the

1.10



designer to use his time for other design work" (6:31).

Also, not only are computers good for performing

calculations, but with the proper software, can actually

increase design applications by increasing the conceptual

based resources of the engineer (34:1742). The use of

computers in engineering work, such as lighting design, is

growing in recognition in all parts of the engineering

community, and is now being called computer-aided

engineering (CAE) (34:1732). Some of the major goals

accepted for CAE systems are to: 1) help reduce design

time; 2) help induce new ideas into designs; and 3) help

train new engineers in analysis applications (34:1744). By

incorporating CAE into the design engineer's options for

performing lighting designs, better designs can be

produced, with less time involved in performing them (3).

As stated in the general issues section, the Wang

computer system, since it will be the most widely available

computer system to Air Force design engineers in Civil

Engineering, is the primary choice for CAE work. Also, as

previously stated there are other computer systems

available to many base Civil Engineering organizations.

Therefore, any CAE software that can be developed for both

the Wang system and as many of these other systems as

possible would be most beneficial Air Force wide.

The Illuminating Engineering Society (IES) published

in the September 1986 issue of its Lighting Design +

* 1.11



Applications periodical a listing of lighting design

computer programs for CAE use (1). Of the 16 program

suppliers listed, 1i had interior lighting design packages

available. Telephone interviews with nine of these 11

suppliers were performed to gain price information and

computer system requirements (the other 2 suppliers were

recorded messages)(2)(8)(9)(11)(12)(21) (22) (23)(27). The

range of prices for the basic lighting programs ran from

$420 to $1700. All of the programs required IBM compatible

computers to work. Only one of the suppliers thought that

his program would run on a Wang pc system, although he had

never had it tested on that particular system.

Five of the program suppliers interviewed followed-up

with a descriptive package of their particular program

(15)(16)(17)(18)(19). Of these, the lighting design

program package that looked the most useful (Zonal Cavity

method and economic calculations) without extraordinary

cost. was priced at $495 (18). Assuming that this program

could be modified, if necessary and with permission, for

the Wang pc system, and purchased for each of the bases

that are to get the Wang system, the cost would be $75,735

($495 * 153 bases).

Objective

The objective of this thesis effort is to develop a

useful software package on interior lighting design, for

use by Air Force design engineering personnel. Also. this

1.12



software package will be developed to work on as many

different types of Air Force computers as possible, but

with particular emphasis on the Wang pc computer system.

For widest possible distribution, this software

package will be available from the electrical department of

the Air Force Institute of Technology's School of Civil

Engineering and Services, AFIT/DEE.

1.1



II. Interior Lighting Design

Chapter Overview

This chapter expands on the background section in

Chapter 1. Detailed explanations for each aspect of the

room and luminaire information are given. Also an example

of each type of calculation is shown to help the reader.

Each example given will build upon examples preceding it to

show the reader the entire process that must be performed

to complete the calculation stage of lighting design.

As indicated in Chapter 1, there are three major

stages of work that must be done when performing a proper

lighting design. These areas are the calculation stage,

including the gathering of information on design

requirements; the layout stage; and the iteration stage.

Durinig the layout stage, the design engineer must ensure

that the number of luminaires determined by the calculation

stage will fit into the given room. This stage also

ensures that the distribution of light is as even as

possible throughout the room. Although the design

calculations performed in this project's computer program

will give the design engineer important criteria pertaining

to the layout of the lighting fixtures, they will not

ensure that the ayout is properly performed.

2.1
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The iteration stage at a proper lighting design is

accomplished when the design engineer performs the stages

again, with different luminaire information. This stage,

as stated in Chapter 1, is performed to ensure that the

"best" design is produced.

Because the layout stage is outside the scope of this

project, and the iterative stage is simply a re-enactment

of the first two stages.. the scope of this chapter will be

limited to describing the calculation stage of a lighting

design.

The ultimate goal of the calculation stage is to

determine the number of luminaires required to light a

given area to an ambient level. Prior to these

calculations though, information about the area being

* designed, and information about the luminaire to be used

must be known. This chapter will discuss these information

requirements, and then show how this information is used in

performing the calculations necessary to obtain the number

of luminaires needed for a proper lighting design.

It is Important to state here that the entire

knowledge base for this chapter comes from five major

sources, with one of the sources being the author's

knowledge from nine years of experience in lighting

design. The other sources usEl to back up this experience

* are the following:

1) the IES Lighting Handbook (14),
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2) the AFR 88-15 (5),

3) classroom handouts on lighting design, given

out by the AFIT School of Civil Engineering and

Services (25),

4) seminar notes and catalog data from the

General Electric's basic lighting school in

Cleveland, Ohio (20).

General

Prior to performing the actual calculations to

determine the number of lights required to illuminate a

given area to an ambient level, information must be

gathered to support the calculations. Specific factors of

the calculations that must be supported by the gathering :)f

information are the total light loss factor (LLF), the

coefficient of utilization (CU) value, the total lumen

requirements of the room, and the luminaire spacing

requirements used for the layout stage of lighting design.

Although these factors will be discussed in detail later, a

general description will be given here to help the reader

understand the basis or need of the information required to

perform the calculations.

The total light loss factor (LLF) is calculated by

combining all the pos:Ible ways to decrease the light

actually given off in the room by the fixtures. Factors

such as how clean the room is, how new the lamps are, and

2.3



what kind of luminaire enclosure is used are included in

this total LLF. The coefficient of utilization (CU) value

is determined by combining how the given area will "use"

the light and how the luminaire itself will spread the

light out over that area. To calculate the total lumens

required in the room, the above factors are combined with

information about the allowable lighting level and the

area's actual dimensions. These three factors, the LLF,

the CU value, and the total lumens required, along with

other luminaire information lead to the final calculation

of the total number of luminaires required in the area.

The final factor in the calculations is the determination

of the luminaire spacing. Actual luminaire information and

the area's dimensions are combined to determine this

factor.

Information Requirements

The information requirements that support the

calculations can be separated into two main areas, the room

information and the luminaire information. Room

information includes items such as room usage, size,

surface reflectiveness, and cleanliness. The actual use of

the room will determine what lighting level is allowed.

The dimensions of the room must be known to determine how

the light can be "spread" out over the area. The room's

surfaces will "reflect" the light given off by the fixtures

within the room, and according to how much this

2.4
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reflection is, will partially determine how many fixtures

must be used in the area. The room cleanliness must be

known in order to determine how much of the original room's

reflectances will be lost due to dirty conditions as time

goes on. These for factors of room information must be

known prior to the design calculations being performed, to

ensure design accuracy.

Luminaire information such as the light source type,

the fixture type, and the lamp and ballast type must also

* be known. There are three major light source types

available in many different types of enclosures or

"fixtures." Each different fixture type will distribute or

"spread" the light given off by the light source

differently. Lamp information must be known to determine

how much "light" the chosen lamp will give off. and certain

types of lamps require ballasts to work properly. Ballasts

also come in many styles, although once the lamp is choson,

the associated ballast choice is somewhat limited. This

information on the luminaire chosen to be used, must be

known for input into the design calculations.

To optimize a lighting design, the design engineer

should compare different lighting calculations on each room

under consideration. Once different calculations are

completed and compared, the "best" system can be chosen.

Since in this process the room Information stays the same,
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multiple sets of luminaire information should be assembled

enabling different lighting systems to calculated.

Room Information

Lighting levels. The first item that must be

determined in a lighting design is the allowed illumination

level of a room. To do this, the room's intended use must

be known. Will it be an office, a conference room, a

computer room, or something different? In Air Force

applications, the AFR 88-15 Section 16-10 gives the design

engineer a listing of allowed lighting levels for an

assortment of room types. Table 2.1 is a combination of

Tables 16-1 and 16-2 of Section 16-10 of the AFR 88-15

(5).

It is important to note the written instructions that

go along with these tables from the AFR 88-15, especially

the parts that indicate that these lighting levels are for

"general" or ambient illumination, and that "supplementary"

lighting must be used if more light is required for a

specific task. It is also important to know that the AFR

88-15 states that 75 footcandles (fc) maintained is the

maximum illumination level allowed, no matter what the room

is used for. (Footcandles are the units that quantities of

light are measured In.)

Once the illumination level Is determined for the

room, the design engineer must figure out how the room

itself will enhance or detract from the "spreading" of
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Table 2.1 -- Allowable FC Levels

AREA FOOTCANDLES

Accounting Rooms 75

Auditoriums 20
Cafeterias 25
Computer Rooms 50
Conference Rooms 30

Corridors 10

Drafting Rooms 75

Elevator Machine Rooms 15
Emergency Generator Rooms 15
Garage Entrance 30

General Office Space 50

Janitor's Closets 5

Kitchens 70

Lobbies Is

Lounges 15
Mechanical Rooms 15

Stairways 20
Storage Rooms 5

Switchgear Rooms is

Toilets 20

Transformer Vaults 15

Warehousing, Note 1:
Inactive 5

Active-bulk 10, Note 2
Rack 20

Bin 5, Note 3

Mechanical Material Handling:
Control Centers 30
Loading Areas 20
Accumulation Conveyer

Lines (unmanned) 10

Notes:
1. Intensity measured 4 feet from the floor.
2. Main aisles may be lighted to 15 fc.
3. Specialized bin lighting may be provided

by user, as required.I
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light. The room dimensions and surface reflectances are

used to figure this function out.

Room Dimensions and Ratios. The actual dimensions of

the room must next be used to figure out the "room cavity

ratios." All rooms, theoretically, have three "room

cavities," although in practice one or two of these

cavities may be equal to zero. These cavities are best

understood by looking at Figure 2.1 which is similar to

Figure 9-9 of the IES Lighting Handbook (14).

The ceiling cavity (CCR) is the area between the

actual room ceiling and the bottom of the light fixtures.

This cavity will be equal to zero if the fixtures are

"recessed" into or flush with the ceiling. The room cavity

(RCR) is the area between the bottom of the light fixture

and the "working plane," where the working plane is defined

as the height the activity in the room is being performed

at. The room cavity is never zero. The floor cavity (FCR)

is the area between the working plane and the floor of the

room. This cavity may be equal to zero if the working

plane is the floor. The sizes and shapes of these cavities

affect the light distribution throughout the room.

Room Cavity Ratios (RCR's) are calculated for each of

the previously defined cavities to help enumerate just how

each cavity will affect the lighting distribution These

ratios are more than just ratios for the given areas, but

are also numerical descriptions of how the room is
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Ceiling Cavity CCR

Luminaire Plane I
Room Cavity RCR

Working Plane

Floor Cavity FCR

Figure 2.1 -- Room Cavities

dimensioned. Two rooms, having the same overall area, will

not have the same distribution of light if their physical

shapes are different. Consequently they will have

different RCR values. As an example, a square room will

not distribute the light the same as a rectangle room, and

will require a different fixture layout, even though both

rooms have the same dimensional areas (see Example 2.1).

The IES Handbook (14) gives the formula for calculating the

RCR's of a given room as:

5(H)(L+W) / (L)(W) (2.1)

where

H = the height of the given cavity .:CR, RCR, FCR),

L = the length of the room, and

W = the width of the room

2.9
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or:

2.5(H)(P) / (A) (2.2)

where

H = the height of the given cavity,

P = the perimeter measurement of the given cavity, and

A = the area of the given cavity's base (le., floor or

ceiling)

Equation (2.2) must be used for rooms that have irregular

shapes (rooms other than square or rectangle).

Example 2.1

Purpose: To demonstrate the calculation of RCR's.

Room #1 dimensions: length 40 ft

width 40 ft

ceiling height 10 ft
fixture height = 8 ft

working plane hgt = 2.5 ft

Room #1 Cavity Ratios:

CCR = (5)(2)(40+40) / (40)(40)
= 0.500

RCR = (5)'5.5)(40+40) / (40)(40)
= 1.375

FCR = (5)(2.5)(40+40) / (40)(40)
= 0.625

2
(note: Room #1 area 1600 ft 2
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Example 2.1 continued

Room #2 dimensions: length = 80 ft
width 20 ft

ceiling height = 10ft
fixture height 8 ft

working plane hgt = 2.5 ft

Room #2 Cavity Ratios:

CCR = (5)(2)(80+20) / (80)(20)
= 0.625

RCR = (5)(5.5)(80+20) / (80)(20)
= 1.719

FCR = (5)(2.5)(30+20) / '80)(20)
= 0.781

(note: Room #2 area = 1600 ft2

The informational requirements of the room for the

above calculations are simply the room's length and width

(or perimeter and area), and the heights of the ceiling,

the light fixtures, and the working plane. With these

dimensions, the RCR's of the given room can be obtained.

These values, along with the room reflectivity ratios, can

be combined to determine the total room's contribution to

the distribution of light.

Room Surface Reflectances. Along with determining how

the room dimensions allow light to be distributed within

the room, the "surface reflectances" of the r.om must be

evaluated to determine how the light within the room is

"reflected" from all non-working surfaces onto the working

2.11
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surface. In lighting design, each room surface, other than

the working surface, will be given a number representing

the percent reflectance for that surface. These surfaces

include the ceiling, the walls, and the floor.

There are two major items that will determine a

surface's percent reflectance. The first is the color of

the surface; a white wall will reflect light better than a

medium blue wall, which in turn will reflect light better

than a black wall. Table 2.2 shows a variety of colors and

their respective reflectance numbers. If a surface could

be made perfectly reflective, it would be assigned a number

of 1.0 (je. 100%). In other words, the surface would

reflect back exactly the same amount of light shown onto

it. A mirror would have a reflectance very c!ose to 1.0.

The reflectances given in Table 2.2 were determined in a

laboratory setting by the paint manufacture, and are

published and distributed along with the manufacturer's

color chip sets (sets of all colors that are available.

normally given to architectural designers to help in room

color selections) (4).

The second item that must be considered when

determining the reflectivity of a surface is the surface's

texture. A rough, pitted surface will not reflect as much

light as a smooith surface. Although there are no tables or

charts available to show the "lost" reflectivity for
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Table 2.2 -- Color Reflectance Ratios

COLOR REFLECTANCE
RATIO (P)x

Cameo White 0.86
Winter White 0.83
Lemon 0.84
Manilla Beige 0.77
Pink Marble 0.74
Butte Orange 0.31
Lavender Rose 0.39
Pale Violet 0.74
Violet Grey 0.52
Blue Daisy 0.62
Iceberg 0.77
Crayon Blue 0.20
Colonial Green 0.69
Pastel Green 0.69
Mint Haze 0.75
Silver Lining 0.70
Dawn Gray 0.77
Sand Tan 0.68
Ocean Sand 0.63

differently textured surfaces, the design engineer must be

aware that the loss exists, and adjust the reflectances as

he sees fit.

If there is a ceiling cavity and/or a floor cavity,

the ceiling and floor reflectances must be adjusted for the

amount of light that is "lost" within that respective

cavity. Some of the light that enters into those cavities

never reaches the working surface, and that "lost"

contribution must be subtracted from the respective

surface's reflectance when it is used to determine the

room's overall contribution to the lighting design. The

ceiling and floor reflectances must be adjusted to what is

2.13
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called by the IES Lighting Handbook (14) the "effective

reflectances" if there is a ceiling or floor cavity

respectively. Table 2.3 is a reproduction of Figure 9-11

of the IES Lighting Handbook (14), and gives the effective

reflectances for various cavity ratios versus actual wall

and base (ceiling or floor) and reflectances. The numbers

given in Table 2.3 can be considered linearly related which

allows extrapolation to be done for non-tabled numbers.

Design information requirements to figure out the

room's reflectance values are the room surface colors and

textures, and the cavity ratios for the ceiling and floor

areas. These reflectance values, along with the previously

discussed RCR's allow the design engineer to assign numbers

for the room's contribution to the distribution of K'ght

throughout its area. These numbers will be combined into

what has been explained as the "coefficient of utilization"

(CU) value which will help calculate the number of fixtures

needed to light a room to the proper level. This procedure

is accomplished after the luminalre information is

Identified, and a fixture is chosen.

Example 2.2

Purpose: To calculate an effective ceiling cavity
reflectance ratio for Room #1 of Example
2.1.

Room Information: Ceiling Cavity Ratio (CCR) = 0.5
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Example 2.2 continued

From Table 2.2:

Ceiling Color: Winter White
reflectance: (P ) = 0.83

c

Wall color: Silver Lining
reflectance: (P ) = 0.70

w

Ceiling Cavity effective reflectance:

From Table 2.3 Table Reading

with base reflectance = 0.80
and wall reflectance = 0.70

for CCR = 0.4 Pel = C.76

for CCR = 0.6 P f2= 0.75

1st extrapolation:

for CCR = 0.5 PeffA 0.775

with base reflectance = 0.90
and wall reflectance = 0.70

for CCR = 0.4 Peff3 = 0.86

for CCR = 0.6 Peff4 = 0.84

2n d extrapolation:

for CCR = 0.5 PeffB =0.85

Final extrapolation (between PeffA & PeffB

for ceiling reflectance = 0.83
and wall reflectance = 0.70

Ceiling Cavity Effective Reflectance (P ) = 0.78cc

Room Cleanliness. Prior to discussing the luminaire

information requirements, one last item must be determined

under the topic of room information requirements. This
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item is the room's "dirt condition." In most construction,

when new lighting is installed in an area, the area is left

in a relatively "clean" state. Fixtures are new, painted

surfaces are fresh, and the general condition of thp area

is good. Unfortunately, in most cases, the area starts to

accumulate dirt after a period of time. Periodic cleaning,

at least in offices, is good, but fixtures are normally not

cleaned and walls almost never get washed. Dirty fixtures

and surfaces cannot give off or reflect as much light as

they did when new, causing the room's lighting conditions

to be less than optimal. Table 2.4 is similar to Figure

9-4 of the IES Lighting Handbook (14) which separates room

cleanliness into "five degrees of dirt conditions." The

design engineer must determine what degree the given area

best fits into, and record this condition for reference

when calculating a total light loss factor (LLF) in the

calculation stage of the design. The length of time

between overall cleaning must also be noted, or guessed at,

by the design engineer for calculation of the LLF. This

time is normally recorded in months, with a good guess

being between 24 and 36 months from cleaning to cleaning.

Summary.. Determining the room Information

requirements Is the first step in performing a proper

lighting design. The room's actual use, the dimensional

contribution to the distribution of light including both

2.18
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Table 2.4 -- Room Dirt Conditions

Very Clean Clean Medium Dirty Very Dirty

Generated Dirt None Very Little Noticeable Accumulates Constant
but not rapidly accumulation
heavy

Ambient Dirt None (or Some (almost Some enters Large amount Almost none
none enters none enters) area enters area excluded
area)

Removal or Excellent Better than Poorer than Only fans or None
Filtration average average blowers if

any
---------------------------------------------------------------------------------------------

Adhesion None Slight Enough to High -- High
be visible robably due
after some to humidity,
months oil or static

.............................................................................................

Examples High grade Offices in Mill Heat Similar to
offices, not older bldgs offices; treating; Dirty, but
near or near paper high speed luminaires
production; production processing printing within area of
clean rooms contamination

the cavity sizes and the surface reflectance amounts, and

the room cleanliness factors are the items that need to be

determined in the room information gathering process. This

information must be combined with the luminaire information

to enable the calculations stage of lighting design to be

performed properly.

In an effort to help with further examples, Chart 2.1

is the accumulation of all Information that must be known

about the room. Chart 2.1 includes the calculated data

from Examples 2.1 and 2.2, as well as additional data

calculated using similar methods (le. the effective floor

cavity reflectance). Chart 2.1 will be used for

comparison purposes in Chapter IV, during the program

validation sequence.

2.19
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Chart 2.1 -- Room Information

Data Source

Room Use: Office Given
FC Required: 50 fc Table 2.1
Room Dimensions: Room #1,

length: 40 ft Example 2.1
width: 40 ft
area: 1600 ft2

ceiling hgt: 10 ft
fixture hgt: 8 ft
working hgt: 2.5 ft

Room Cavity Ratios: Example 2.1
CCR: 0.5
RCR: 1.375
FCR: 0.625

Room Surface Colors: Given
ceiling: Winter White
walls: Silver Lining
floor: Crayon Blue

Room Surface Reflectances: Table 2.2
P : 0.83
p C: 0.70
pf: 0.20

P : 0.78 Example 2.2
c 0.21 Calculated

Room Dirt Condition: Clean Table 2.4
Cleaning Cycle: 18 months Chosen

Luminalre Information

General. Now that the room information requirements

have been discussed, the next area of intorest is the light

luminaire information. This information can be broke down

into three main topics for discussion; the light source

2.20
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type, the source enclosure or "fixture," and the source

lamp and ballast requirements.

Light Sources. There are three major types of light

sources to choose from when doing interior lighting

design. These major types of sources include incandescent,

* fluorescent, and high intensity discharge (HID). Each of

these major types can be broken down into specific styles.

lncandescents' major styles are the medium base style,

* which most people are familiar with (the household kind),

and the "par" style, which are used for spot lights and

flood lights. Low voltage lighting, such as "track" lights

are also in the incandescent family.

Fluorescent lamps come in many different styles and

types also. Cool white, warm white. daylight, and deluxe

cool white are just a few of the styles. These styles are

different from one another mainly in color rendition, which

will be discussed later. Fluorescent lamps come in energy

saving types as well as high output (increased light

output) types, with each types coming In different "color"

styles as well. The fluorescent family is quite extensive

and must be reviewed constantly by the design engineer due

to constant additions by the lamp manufacturers.

High intensity discharge (HID) lamps come in three

major types, with each type h-ving characteristics

completely separate from the others. Those types are

mercury vapor, metal halide, and high pressure sodium
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(HIPS). The primary differences between these types of HID

lamps are their efficiencies and their color renditions,

both of which will be explained in the following

discussions.

When the design engineer selects a lighting source

type, there are a number of topics which must be

considered. These topics include source efficiency, color

rendition criteria, and switching time.

Efficiency. Table 2.5 shows a comparison of the

* different sources' efficiency ratings. This table is

similar to one presented in the AFIT School of Engineering

and Services classroom handouts (25). The reader should

note the units of the ratings, since the efficiency of a

lighting source is determined by the lumen output per

wattage input. A lumen in simple terms can be considered

the unit quantity of light put out by the lighting source.

The reader should note from Table 2.5 that the

incandescent source has the lowest efficiency while the HPS

source has highest, and that the three types of HID sources

have very different efficiency ratings. Unfortunately, the

design engineer cannot choose a light source strictly for

efficiency's sake. The high pressure sodium source may

have the highest efficiency rating, but it has very poor

color rendition and switching characterist~cs which make It

far from the optimal source in most interior lighting

cases.
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Table 2.5 -Lamp Efficiencies

SOURCE LUMENS/WATT

Incandescent
General Service 21
Extended Service 15

Fluorescent
Cool White 78
White 80
Warm White 80

High Intensity Discharge
Mercury

Clear 46
Phosphor 52

Metal Halide

IClear 70
Phosphor 90

High Pressure Sodium 125

Color Rendition. Most people associate the

"true" color of an object to how it looks in sunlight.

Because of this, light source manufacturers have set

sunlight "coloration" as a standard to be compared against

when stating the color rendition of any given light

source. The chart in Table 2.6 is similar to one of

General Electric's comparison charts from a Light and Color

brochure (24). This chart rates the different types of

* sources to true sunlight from poor to excellent, and also

shows what colors the sources emphasize or "grey" (de-

emphasize). Table 2.6 Indicates tiat the fluorescent

sources are best at simulating true sunlight, and the high

pressure sodium source (HPS) are worst.
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Table 2.6 -- Lamp Color Rendition Chart

Incandescent High Intensity Discharge

Lamp Names Filament Mercury Metal Halide HPS

Lunens/Watt Low Medium High High

Lamp appear- Yellowish Greenish Greenish Yellowish
ance effect white blue-white white
on neutral
surfaces

Effect on Ware Very cool, Moderately Warm,
*atmosphere* Greenish cool, Greenish Yellowish

Colors Red Yellow Yellow Yellow
Strengthened Orange Green Green Orange

Yellow Blue Blue Green
------------- --------------------------------------------------------------------------------.

Colors Blue Red Red Red
Greyed Orange Blue

Effect on Ruddiest Greenish Greyed Yellowish
Coplexions

Remarks Good color Very poor color Color acceptance Color acceptance
rendition rendition similar to CY approaches that of

fluorescent W fluorescent

Fluorescent

Lamp Names Cool White Warm White Daylight White

Lumens/Watt High High Medium-High High

Lamp appear- White Yellowish Bluish Pale Yellowish
ance effect white white white
on neutral
surfaces

Effect on Neutral to Wars Very Cool Moderately
Watmosphere' moderately cool warm

Colors Orange Orange Green Orange
Strengthened Yellow Yellow Blue Yellow

Blue

Colors Red Red Red Red
Greyed Green Orange Green

Blue Blue
------------- ------------------------------------------------------------------- -------------

Effect on Pale Pink Sallow Greyed Pale
Complexions

Remarks Blends with Blends with Usually Usually
natural daylight incandescent replaceable replaceable
Good color light; simulates with CW with CW or WW
acceptance natural daylight
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Switching Time. Start-up time (time from when

the switch is turned on to when the light comes on), and

* restart time (switch and light turned off and then back

on), are also important factors the design engineer has to

consider. For incandescent and fluorescent sources, the

start-up and restart times are considered instantaneous;

whereas HID sources increase in brightness slowly until

they reach their "peak" operating temperature where they

remain until turned off. Once turned off, the HID sources

require a cool down time before they can be restarted.

According to the specific lamp, this "peak" temperature

time and restart time could be as short as 30 seconds or as

long as 10 minutes. These times make HID sources less than

inviting when the designer wants to control the lighting

system with an energy management control system (EMCS), or

in other areas where the lights might get turned off and on

frequently.

Typical Uses. As the reader can see, there are

advantages and disadvantages to every type of lighting

source. The design engineer must be very careful when

choosing the light source type to ensure that the

efficiency, the color rendition, and the switching time are

compatible with the area being designed. Table 2.7 gives

examples of where each major light source type is used.

Light sources (lamps) for the most part, do not have

built in directional control to enable them to shine the

2.25
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Table 2.7 -- Typical Use Areas

SOURCE TYPE TYPICAL AREAS

Incandescent Closets
Entry Ways
Specialty Lighting

Fluorescent Offices
Conference Rooms
Hallways

HID High Bay Areas
Warehouses
Hangers

light in a certain direction or spread the light out over a

given area. Because of this, these sources must be put in

enclosures or "fixtures" to control the direction and

distribution of the light. Each type of light source is

available in a number of different styles of fixture

housings, each of which will distribute the light a little

differently. The design engineer, once the source type is

chosen, must then evaluate distribution criteria to

determine which fixture to use.

Fixture Types. There are three main items of concern

when choosing a fixture type. Aesthetics is the first

major concern in choosing a fixture. Most people would

consider a bare bulb fluorescent fixture in a newly

construLuted office very unattractive. Common sense must

rule in the choice. When a fixture is hung below a

ceiling, consideration should be given to having the
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fixture provide "up-light" (allowing light to come out of

the top of the fixture) to avoid a dark dingy looking space

above a work area which will, in most cases, detract from

the aesthetics of the area. A fixture's distribution type

can be determined by looking at Table 2.8.

Aesthetics of an entire building can be enhanced if

the design engineer tries to standardize the fixtures

used. Conversely, in very special areas, a totally

different type of fixture could be used to "call attention"

to the area. Aesthetics of the fixture and the given area,

though important, are not the only items that the design

engineer must consider when choosing a fixture type. The

second item of importance, which is closely related to a

room's cleanliness factor, is how "dirty" a :ixture is

allowed to become before cleaning occurs.

The construction type of a fixture will determine how

dirty conditions will affect the fixture's ability to

distribute light. The IES Lighting Handbook (14) assigns

one of five categories to fixtures according to how "open"

they are to atmosphere. Table 2.9 is similar to Figure 9-2

of the IES Lighting Handbook.

* The more open a fixture's reflective surfaces are to

the atmosphere, the more likely It is for the surfaces to

become dirty. Maintenance Category I of Table 2.9

indicates a completely open fixture. An example of this

type would be a bare bulb fluorescent "shop-light" type of
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Table 2.8 -- Luminaire Distribution Types

i
DISTRIBUTION TYPE % UP % DOWN

Indirect 90-100 0-1O

Semi-indirect 60-90 10-40

Direct-indirect 40-60 40-60
Semi-direct 10-40 60-90

Direct 0-10 90-100

.4Table 2.9 -- Luminaire Maintenance Categories

Maintenance I
Category Top Enclosure Bottom Enclosure

I. None 1. None

I 1. None 1. None
2. Transparent with 15% or more 2. Louvers or baffles

uptight through apertures
3. Translucent with 15% or more

uplight through apertures

4. Opaque with 15% or more
uplight through apertures

------------------..--------------------------------------------------------------------------

III 1. Transparent with less than 15% 1. None
upward light through apertures 2. Louvers or baffles

2. Translucent with less than 15%
upward light through apertures

3. Opaque with less than 15%
uplight through apertures

..............................................................................................

IV 1. Transparent unapertured 1. None
2. Translucent unapertured 2. Louvers

3. Opaque unapertured
....... ransparent.........un...per........ ed...1....Transparent.........u........... ur........

V 2. Transparent unapertured 2. Transparent unapertured
2. Translucent unapertured 2. Translucent unapertured

3. Opaque unapertured
..............................................................................................

VI 1. None 1. Transparent unapertured
2. Transparent unapertured 2. Translucent unapertured
3. Translucent unapertured 3. Opaque unapertured
4. Opaque unapertured

2.28
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fixture. Maintenance Category VI of Table 2.9 indicates a

totally enclosed fixture, similar to a fluorescent fixture

that is flush mounted in a suspended ceiling.

Once this maintenance category is known, it can be

combined with the previously discussed room cleanliness

factors (Table 2.4) and fixture distribution type (Table

2.8) to determine a total light loss factor (LLF), which

will be discussed further in the calculations section.

S- Fixture dirt will not only detract from aesthetics of the
S'

fixture chosen, but will also effect the distribution

capabilities of the fixture. This fixture distribution, is

the third and last major item that the design engineer must

consider when choosing a fixture type.

A fixture's distribution capabilities can be assessed

through the understanding of a spacing-to-mounting height

(S/MH) ratio. Each fixture is given a S/MH ratio by its

manufacturer. S/MH ratios tell the design engineer how far

apart two fixtures can be placed. Placing the fixtures

further apart then what this ratio allows would result in

"dark" spots in certain areas on the working surface.

Figure 2.2 shows this pictorially.

In Figure 2.2, the distance between the light fixtures

(d) is determined by:

d = (S/MH)(h) (2.3)
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fxture tpV-- ___--"yp

< d > d

/ I/\ / \
/ / \\ /

working surface - light distribution (typ)

PROPER SPACING IMPROPER SPACING

Figure 2.2 -- Luminaire Spacing

where

d = the distance between fixtures (center to center),

S/MH = spacing-to-mounting height ratio, and

h = the mounting height of the fixture (bottom).

One factor that might no. be obvious is that the S/MH is

directly related to the distribution pattern (spread) of

the given fixture. If the design ongineer picks a

different fixture with a different distribution pattern,

and a different S/MH ratio, the maximum distance between

the fixtures will be different. Note also that the fixture

separation distance (d) is a function of the mounting
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height. Thus it the design engineer has the ability to

vary the mounting height of the fixtures, as in a high bay

area, the fixture spacing can be adjusted.

Unfortunately, there are limits to how much "spread" a

given fixture can produce. As an example, for fluorescent

troffers (recessed fixtures in suspended ceilings) an

average S/NH ratio is 1.3, and a high S/NH ratio is 1.7.

This means that average fluorescent troffers (in a 9 foot

ceiling) would be spaced a maximum of 11.7 feet away from

each other (15.3 feet for the high S/MH). This is true no

matter what the intensity (amount) of light the fixture

puts out. Although a more thorough explanation will be

4. given later in the calculation section, it is important to

note here that the amount of tight each fixture puts out

will determine how many fixtures are needed in an area. it

the S/NH ratio indicates that the given number of lights in

an area are too far apart to light the area effectively (no

"dark spots"), then the light output of the fixtures must

be reduced to increase the number of fixtures In the room.

This will allow better spacing of the fixtures. Again,

using fluorescent troffers as an example, one way to reduce

the light output of a fixture is to reduce the number of

lamps in the fixture. A four tube fixture will give off

twice as much light as will a two tube fixture. This

example illustrates the need for the design engineer to
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select fixtures with the proper amount of light output to

use for each given job.

Lamp and Ballast Types. The amount of light that any

given fixture can give out is only dependent upon the type

and number of lamps that it can hold. Incandescent type

fixtures normally hold single lamps as do all high

intensity discharge (HID) type fixtures. In these

fixtures, the intensity of light is adjusted by increasing

or decreasing the lumen output of the lamp itself.

Remember, a "lumen" is the unit quantity of light given off

by a lamp. Fluorescent type fixtures can hold anywhere

from one lamp up to as many as eight lamps, with normal

quantities being one to four lamps. In most cases, the

lumen intensity of fluorescent fixtures is adjusted by the

number of lamps used in the fixture.

No matter what type of light source a lamp is, the

primary rating of the lamp will be by wattage, and not by

lumen output. Fortunately, within source types, an

increase in the wattage rating will indicate an increase in

lumen output rating as well. Table 2.10 gives a few

typical wattage lamps and their associated lumen ratings

for the major source types.

Please note that two wattage lamps are shown for both

the four foot and eight foct fluorescent lamps. In both

cases the lower wattage lamps are considered "energy

* 2.32



Table 2.10 -- Lamp Wattage and Lumen Ratings

SOURCE WATTAGE INITIAL MAINTAINED
*TYPE RATING LUMENS LUMENS

I ncandescent
(general duty) 75 1190

100 1750
150 2880

Fluorescent
4 foot 35 2850 2510

40 3150 2770
8 foot 95 8500 7395

110 9200 8005

SW HID
Mercury Vapor 250 12100 10400

400 22500 19100

Metal Halide 250 20500 17000

400 34000 26500

HPS 250 27500 24750
*400 50000 45000

saving" type lamps. (These types of lamps should not be

mixed and matched with normal lamps to increase or decrease

a fixtures light output rating).

The reader should notice on Table 2.10 that there are

two listings for lumen output for most lamps. One is the

initial lumen output, the other is the maintained lumen

output. The difference between these two ratings is a

factor of time. As with almost anything, a lamp will

perform better wheoi it is new than when it is used. Some

manufacturers call the maintained rating a 1140%" rating,

meaning that after 40 percent of the life of the lamp, the
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lumen output has "settled down" to this amount of output.

Fortunately, once this lower output rating is reached, the

lamp continues to output close to this amount until it

decides to "die." A good heuristic for a lamp's maintained

lumen output is 85% of the lamp's initial lumen rating.

This percentage, presented in decimal form (.85 for the

heuristic or default value) is called the lamp lumen

depreciation (LLD), and will be used in the calculation

section to figure out the total light loss factor of a

lighting design. Of course, if the Initial and maintained

lumen ratings are given by the manufacturer, an actual

percentage can be calculated and used for the LLD in the

final design calculations.

Although little will be written about the topi,: of

ballasts, it is important to note that all fluorescent and

HID lamps require ballasts to work. In most cases, once

the lamp is chosen, the associated ballast can be

determined. Ballasts, especially on HID type lamps are not

interchangeable. Normal and energy saving fluorescent

ballasts are available, but the design engineer must be

careful when using energy saving ballasts with normal lamps

because many types will not handle the additional lamp

wattage. The main reason to note the specific ballast

used, in all cases, is that the ballast will consume

energy. This energy consumption must be known to properly
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figure out both the power requirements of the total

lighting system and the life cycle costing of the system.

Summary. Luminaire information requirements necessary

to perform proper lighting designs are the light source

type, with major types being incandescent, fluorescent, and

high intensity discharge (HID); the light enclosure or

fixture characteristics including both the spacing-to-

mounting height (S/MH) ratio and the luminaire (fixture)

category; and the lumen rating of the lamp or lamps being

used, along with the associated lumen depreciation rating.

This luminaire information along with the previously

discussed room information will provide all the necessary

information to calculate the number of fixtures necessary

to light a room to a proper level. Chart 2.2 will list the

luminaire information chosen to expand Chart 2.1's room

information and to be used by the examples placed in the

Calculation Section.

Chart 2.2 -- Luminaire Information

Data Source

Source Type: Fluorescent Chosen,
Table 2.7

Fixture Data:
Distribution Type: Direct Table 2.8
Maint. Category: V Chosen,

Table 2.9

Lamp Data: Chosen,
Wattage: 40 watts Table 2.10
Initial Lumens: 3150
Maintained Lumens: 2770

2.35
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Calculations

Purpose. As stated earlier, the ultimate purpose of

the calculation stage is to determine the number of

luminaires required to light the ar-a of interest. This

section will discuss what calculations are necessary to

determine that number. Along with this, this section will

explain how the information gathered on the room, and the

information gathered on the luminaire are used in those

calculations.

The actual calculation stage can be split into five

steps. The first step will determine the total light loss

factor (LLF). The second step will determine the

coefficient of utilization (CU) value. The third step will

use the LLF and the CU value to determine the total lumens

required (TLR) in the given area. The fourth step takes

the TLR and calculates the optimum number of luminaires

required for the area. The fifth step will use the spacing-

to-mounting (S/MH) ratio to give the design engineer help

in determining a proper layout for the area, by calculating

maximum luminaire-to-luminaire spacing dimensions.

Light Loss Factor. To determine the total light loss

factor (LLF), the information gathered for both the room

and the fixture will be used. The room cavity ratios

(RCR's), the room's dirt condition (Table 2.4), and

cleaning cycle time will be needed from the room

information; while the luminaire category (Table 2.9), the
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luminaire distribution type (Table 2.8), and the lamp lumen

depreciation factor (LLD) (in decimal form) will be needed

from the luminaire information. The basic formula for the

total LLF is:

LLF = (LLD)(LDD)(RSDD) (2.4)

where

LLD = the lamp lumen depreciation,

LDD = the luminaire dirt depreciation, and

RSDD = the room surface depreciation

The LLD is determined as discussed in the previous

section. Putting those words into a formula results with:

LLD = maintained lumens / initial lumens (2.5)

where the Initial and maintained lumens are obtained from

the lamp manufacturer's data. A default value for LLD Is

0.85 and can be used in place of the calculated LLD if the

maintained lumens of the lamp is not known.

Example 2.3

Purpose: Compute a Lamp Lumen Depreciation factor.

From Chart 2.2:

Initial lamp lumens: 3150 lumens

Maintained lamp lumens: 2770 lumens

LLD : 2770 / 3150 = 0.879
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Next the luminaire dirt depreciation (LLD) factor must

be determined. The LDD is found by using the room's i

cleaning cycle time (in months), and the lumlnaire's

maintenance category to find the factor given on the

correct chart shown in Figure 2.3. Figure 2.3 is a

reproduction of Figure 9-5 of the IES Lighting Handbook

(14).

The LDD can also be figured by using the luminaire

maintenance category and the room's dirt condition, finding

the proper constants A and B from Table 2.11 (Figure 9-6 of

the IES Lighting Handbook (14)), and solving the equation:

-A ( tB)
LDD = e (2.6)

where

t = time in years (decimal form)

Example 2.4

Purpose: To Determine a LLD using both Figure 2.3 and
Table 2.11 with Equation (2.6).

From Chart 2.1:

Room Dirt Condition: Clean
Cleaning Cycle: 18 months

(1.5 years)

From Chart 2.2:

Maintenance Category: V

Using Figure 2.3:

LLD = 0.85

2.38
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CATEGORY CATEGORY I CATEGORY II

1
4NEA VCY

0 o 0

V
0 

ID

0"0 3 6 9 12 15 19 21 24 27 30 33 36 0 3 6 9 17 S 1 1 21 24 273 0 33 36 0 3 6 9 12 15 18 21 24 27 30 33 36
MONTHS MONTHS MONTHS

CATEGORY IV CATEGORY V CATEGORY V1

"o Fiur.23 - umna -DitDpeiaicFco

100

QM

p..

Table 2.11i -- Luminaire Dirt Depreciation Constants

Lumina ire A

Maintenance B
Category Very Clean Medium Dirty Very

Clean Dirty

l .69 .038 .038 .111 .1t62 .301

I .62 .033 .068 .102 .1t47 .188

II .70 .079 .106 .143 .184 .236

IV 72 070 .131 216 .314 452

V .53 .078 .128 .190 .249 .321

VD

VI .88 .076 .145 .218 .284 .396

2.39
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Example 2.4 continued

Using Table 2.11 with Equation (2.6):

From table 2.11:

A = 0.128

B = 0.53

From Equation (2.6):

LDD = e-0.128(1.5^0.53)LDD =e

= 0.853

The last item in Equation (2.4) that must be

determined prior to calculating the LLF is the room surface

depreciation (RSDD) factor. The RSDD is determined by

using the room dirt condition and the cleaning cycle time

to find a "percent expected dirt depreciation factor" -,om

the graph in Figure 2.4. Using this factor, along with the

luminaire distribution type, and the room cavity ratio

(RCR), the proper value for the RSDD is determined from the

table part of Figure 2.4. Figure 2.4 is a copy of Figure

9-7 of the IES Lighting Handbook (14).

Example 2.5

Purpose: To calculate a room surface dirt
depreciation (RSDD) factor

From Chart 2.1

RCR: 1.375
Room Dirt Condition: Clean
Cleaning Cycle: 18 months
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Pef Cent Expected Dirt 0.geciatoo 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40

Room Cavity Ratio
1 19896 94 9297 9289 8494 87 807619487 80 73908070 60

2 98 96 94 92196 9288 83 i94 87 80 75 94 87 79 72 90 80 69 59
3 98 95 93 901 96 91 87 82'94 86 79 74 94 86 78 71 90 79 68 58
4 197 95 92 90.195 90 85 801 94 86 79 73194 86 78 70,.89 78 67 56
5 -97 94 91 891 94 90 84 79'!93 86 78 72..93 86o 77 eci 9 78 66 55
6 '97 94 91 88 194 89 83 78 93 85 78 71 93 85 76 68189 77 66 54
7 19794 90 87!9388 8277 93 8477 70 93 8476681.89 76 6553
8 96 93 89 8693 8781 75 93 8476 69 93 84 76 68 88 76 64 52
9 96 92 88 85 93 87 80 74 93 84 .76 681.93 84 75 67188 75 63 51

10 96 92 87 831 93 86 79 72 .93 84 75 671.92 83 75 67 88 75 62 50

Figure 2.4 -- RSDD Factors

Example 2.5 continued

From Chart 2.2:

Maintenance Category: V
Distribution Type: Direct

From graph in Figure 2.4:

* % expected DD =15

2.41
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Example 2.5 continued

From table in Figure 2.4:

For a "Direct" luminaire type: Table Reading

with % expected DD = 10

and RCR = I RSDD I = 0.98

and RCR = 2 RSDD 2 = 0.98

extrapolate for RCR = 1.375 RSDD A = 0.98

with % expected DD = 20

and RCR = I RSDD = 0.96
3

and RCR = 2 RSDD = 0.96

extrapolate for RCR = 1.375 RSDD B = 0.96

for % expected DD = 15

and RCR = 1.375

extrapolate between RSDD A and RSDDB

final computed RSDD 0.97

Ti'-se factors, the LLD, the LDD, and the RSDD when

plugged into Equation (2.4) will determine a factor for the

total light loss factor (LLF) for the given room and

luminaire combination. This factor will be used in step 3

of the calculation stage to determine the total number of

lumens required (TLR).

It is important to note that this factor (LLF) is used

to determine the "maintained" lumen level of the area. All
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of the individual factors that go into calculating the LLF

represent "depreciation" amounts, necessary because of

dirty room conditions that happen over a period of time.

Example 2.6

Purpose: To combine the factors calculated in
Examples 2.3, 2.4, and 2.5 into a total LLF.

From Example 2.3

LLD =0.879

From xample 2.4

LDD = 0.853

From Example 2.5

RSDD = 0.97

From Equation (2.4)

LLF =(0.879)(0.853)(0.97)
= 0.727

Coefficient of Utilization. Chapter I mentioned that

the method used in this project to perform lighting design

is the Zonal Cavity Method. This method, developed by the

Illumination Engineering Society (IES), uses the

coefficient of utilization (CU) as a factor that combines

the room cavity ratios (RCR's) and the surface reflectance

values, described in the room information section or this

chapter, into one number that can be used in Step 3 of the
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calculation stage to calculate the total number of lumens

needed to light a room. The figuring of this CU value is

the second step in the actual calculation stage of lighting

design. This CU value effectively indicates how the room

"uses" the light that is given off and distributed by the

luminaire.

Each luminaire's manufacturer's data will have a CU

photometric chart published with it. Figure 2.5 pictures a

luminaire and its associated CU photometric chart (Lithonia

Model 2PM4-240 (26)). This chart will be used along with

the effective reflectance values, P (ceiling), P (wall),

and Pf (floor), and the room cavity ratio (RCR) to

determine exactly what CU number to use.

During inspection of the photometric chart, the reader

should notice that the floor reflectance is the only factor

that does not have multiple choices associated with it.

All other factors do have multiple choices, and the actual

CU value can be mathematically extrapolated for factors

that are not shown. As an example, an effective ceiling

reflectance of 75% can be linearly extrapolated from

between the 70% and the 80% CU values given in the chart.

When it is necessary to determine a CU factor for floor

reflectances other than 20%, Table 2.12 (Figure 9-13 from

the IES Lighting Handbook (14)) must be used to obtain a

constant to multiply the CU factor obtained from
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PHOTOMETRICS
COEFFICIENTS OF UTIUZATION ZONAL CAVITY

P20%

Pai 80% 70% 50% 36%

*Pw 70% 50% 30% 10% 70% 50% 30% 10% 5%30% 10%5%30% 10%

1 77 74 72 70 75 73 71 69 70 68 67 67 66 65
2 71 67 63 60 70 65 62 59 63 60 58 61 59 57
3 66 60 55 52 64 59 55 51 57 53 50 55 52 49
4 61 54 49 45 59 53 48 44 51 47 44 50 46 43
5 56 48 42 38 54 47 42 38 46 41 38 44 40 37
6 51 43 37 33 50 42 37 33 41 36 33 40 36 33
7 47 38 33 29 46 38 33 29 37 32 29 36 32 28
8 43 34 29 25 42 34 29 25 33 28 25 32 28 24
g 40 31 25 21 39 30 25 21 29 25 21 29 24 21
16 37 28 22 19 36 27 22 19 27 22 19 26 22 18

*Standard ballast, F40T121CW lamps (3200 lumens)
Spacing criteria: I = 1.2 x mounting height

1 =1.6 x mounting height

Figure 2.5 -- Fixture and CU Chart

photometric chart by. Extrapolation from the tables in

Table 2.12 is also possible.

Once the CU value is found, it Is used in Step 3 along

with thc light loss factor to help determine the total

amount of lumens necessary to light an area to a

predetermined level.
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Table 2.12-- Floor Reflectance Multiplying Factors

E tec five
Ceiling Cav- 80 70 50 30 10
,ty Retlec-

Tance ac,

Wall Re-
flectance 70 50 30 10 1 70 50 30 10 50 30 t0 50 30 10 50 30 10

For 30 Per Cent Effective Floor Cavity Reflectance (20 Per Cent - 1 00)

Room Cavity I
Ratio I

1 1092 1082 1075 1068 11077 1070 1064 1 0591049 1044 104011028 1026 1023 1012 1.010 1008

2 1079 1066 1055 1.0471 068 1057 1048 1039 1041 1033 102711.026 1021 1017 1013 1.010 1.006
3 1 070 1054 1042 I033i t 061 1 048 ;037 1 028 1034 t027 10201 1 024 1 017 1 012,1 014 1009 1 005
4 1062 1045 1033 10241055 1040 1029 102111 030 1022 1015 1022 1015 1010 1014 1009 1004

5 1056 1038 1026 018,11050 1034 1024 1015i1027 1018 1012 1020 1013 1008'1014 1.009 1004

6 1 052 1033 t021 10141 1 047 1030 1020 1 012 1 024 1015 10091 1 019 1 012 1 006,1 014 1 008 1 003
7 1 047 1029 1018 011 043 1026 1017 1 0091 1 022 1013 1007: 1 018 1 010 1005 1 014 1 008 1 003
8 1044 1026 1015 1009 1040 1024 1015 100711020 t012 1006!1017 t009 1004 1013 1007 1003
9 1040 1024 1014 007 1037 022 1014 1 006, 1 019 1011 005 1 016 1 009 1004 1013 1007 1 002

10 1037 1022 1012 006 1034 1020 1012 100511017 1010 1004 1015 1009 1003 1013 1007 1002

For 10 Per Cent Eflective Floor Cavity Reflectance (20 Per Cent - 1 00)

Room Cavity

Ratio
1 923 929 935 940 933 939 943 948 956 960 963 973 976 979 989 991 993
2 931 942 950 958 940 949 957 963 962 968 974 976 980 985 988 991 995
3 939 951 961 969 945 957 966 973 967 975 981 978 983 988 988 992 996

4 944 958 969 978 950 963 973 980 972 980 986 980 986 991 987 992 996
5 949 964 976 983 954 968 978 985 975 983 989 981 988 993 987 992 997

6 953 969 980 986 958 972 982 989 977 985 992 982 989 995 987 993 997
S 957 973 983 991 961 975 985 991 979 987 994 983 990 996 987 993 998

8 960 976 986 993 963 977 987 993 98t 988 995 984 991 997 987 994 998

9 963 978 987 994 965 979 989 994 983 990 996 985 992 998 988 994 999
10 965 980 989 995 967 981 990 995 984 991 997. 986 993 998 988 994 999

For 0 Per Cent Effective Floor Cavity Reflectance (20 Per Cent - 1 00)

Room Cavity
Ratio I

1 859 870 879 886 873 884 893 901 916 923 929 948 954 960 979 983 987
2 871 887 903 919 886 902 916 928 926 938 949 954 963 971 978 983 991
3 882 904 915 942 898 918 934 947 936 950 964 958 969 979 976 984 993
4 893 919 941 958 908 930 948 961 945 961 974 961 974 984 975 985 994
5 903 931 953 969 914 939 958 970 951 967 980 964 977 988 975 985 995

6 911 940 961 976 920 945 965 977, 955 972 985 966 979 991 975 986 996
7 917 947 967 981 924 950 970 982 i 959 975 988 968 981 993 1 975 987 997
8 922 953 971 985 929 955 975 986 963 978 991 970 983 995 976 988 998
9 928 958 975 988 933 959 980 989 966 980 993 971 985 996 1 976 988 998
10 933 962 979 991 937 963 983 992 969 982 995 973 987 997 1 977 989 999

Example 2.7

Purpose: To calculation the CU value for Room #1.

From Chart 2.1:

RCR = 1.375
P = 0.78
pcc = 0.70
P = 0.21
fc

2.46
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Example 2.7 continued

(note: the RCR is the left most column of Figure
2.5's photometric chart and the chart values are in
percent, ie. 77 = 0.77)

From Figure 2.5: Table Reading

for P .= .20
fc

P = 0.70pCC = 0.70
w

RCR = 1 CU1 = 0.75
1

RCR = 2 CU 2 = 0.70

extrapolate for: RCR = 1.375 CUA = 0.731

for P .= .20fc
P = 0.80
pCC = 0.70

w

RCR = I CU 3  0.77

RCR 2 CU 4 (.O

extrapolate for: RCR = 1.375 CU B 0.748

extrapolate between CU and CU
A B

for Pcc = 0.78 CU C = 0.745

From Figure 2.12: Table Reading

for P = 0.20
fc

P = 0.70pCC : 0.70

w

RCR = I K1 = 1.077

RCR = 2 K 2 = 1.068

extrapolate for: RCR = 1.375 K = 1.074
A

for P = 0.20fc
P =0.80
Pcc = 0.70
w

2.47
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Example 2.7 continued

RCR = I K3 = 1.092

RCR = 2 K 4 = 1.079

extrapolate for: RCR = 1.375 KB = 1.087

extrapolate between K A and KB

for P = 0.78 KC = 1.084ccC

extrapolate between K C and 1.0:

for Pfc = 0.21 KD = 1.008

To calculate a final CU value:

CU = CU C * K D

Thus:

CU = (0.745)(1.008)
= 0.751

Total Lumens Required. The third step in the

calculation stage of lighting design is to calculate the

total lumens required (TLR) to light a given area to a

predetermined level. As mentioned in the previous

sections, a lumen is defined as the quantity of light put

out by a given light source. How much of this "light" is

required in a given area is determined by the following

formula:

TLR = (FC)(A) / (LLF)(CU) (2.7)

2.48
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where

TLR = the total lumens required,

FC = the footcandle level for the room,

A = the floor area of the room,

LLF = the light loss factor, and

CU = the CU value

As mentioned in the light loss factor discussion, Equation

(2.7) will calculate total "maintained" lumens required.

To calculate total "initial" lumens required, the LLF

factor is left out of Equation (2.7). Knowing the initial

lumens required to light an area can help the design

engineer check the designed area immediately after

* construction is completed to verify the lighting system

installation.

Once the total lumens required (TLR) factor is

determined, it must be combined with the initial lamp

lumens given off by the specific lamp (Table 2.10) being

used, and the number of lamps per luminaire to determine

the total number of luminaires required to light a given

area.

P Example 2.8

Purpose: Calculate the total lumens required (TLR).

From Chart 2.1:

Required FC = 50 fc
Area 1600 ft2
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Example 2.8 continued

From Example 2.6:

LLF = 0.727

From Example 2.7:

CU = 0.751

From Equation (2.6):

TLR = (50)(1600) / (0.751)(0.727)

= 146526 lumens

Number of Luminaires Required. Determining the number

of luminaires required in a given area is the fourth step

in the calculation stage of lighting design, and as stated

before, is the main objective of the calculation stage of

lighting design. To determine the total number of

luminaires required, the following equation should be used:

number of fixtures = TLR / (ILL)(L/F) (2.8)

where

TLR = total lumens required,

ILL = initial lamp lumens, and

L/F = number of lamps per fixture

The initial lamp lumens will be extracted from the

manufacturer's data on the specific lamp being used (Table

2.10), and the number of lamps per fixture will be

determined by the amount of lamps the exact luminaire

chosen by the design engineer uses.

2.50
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Example 2.9

Purpose: To calculate the total number of fixtures
required in Room #1.

From Chart 2.2:

Lamp Style: 40 watt fluorescent
Initial lumens (ILL): 3050 lumens/lamp

From Example 2.8:

TLR = 146526 lumens

From Figure 2.5 (which is a two lamp fixture):

L/F = 2

From Equation (2.8):

# of fixtures (146526) / (3050)(2)
24.02 fixtures

Spacing Criteria. The only step left for the design

engineer to perform in the calculation stage is the fifth

step that calculates the luminaire-to-luminaire spacing

criteria for layout purposes. This step has been discussed

in some detail in the Luminaire Information Requirements

section, and the formula for calculating the spacing

between fixtures is given in Equation (2.3). The reader

should notice that Figure 2.5 has two S/MH ratios stated.

The top ratio i3 for spacing requirements side-to-side (in

this case the four foot dimension of the luminaire). The

bottom ratio is for spacing requirements end-to-end (the

two foot dimension).

2.51
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ConclIus ion

This chapter discussed, in depth, the necessary

information requirements needed to perform proper Zonal

Cavity Method lighting design calculations, and reviewed

the calculations themselves. These calculations complete

the first stage of a proper lighting design and are

followed by the layout stage and the iteration stage. The

layout stage, although outside the scope of this project,

is at least started in the calculation stage by the

determination of the maximum lumlnaire-to-luminalre spacing

criteria. The iteration stage, involving the reenactment

of the calculation stage and the layout stage, helps ensure

that there are comparative designs performed. These

comparative designs, in turn, will help the design enginee,-

choose the "best" lighting system for the given area.

Chart 2.3 is included to give a total look at all the

information requirement areas and all the calculated items

that are necessary for a completed calculation stage of

interior lighting design. Chart 2.3 will also be used forI

comparison purposes in Chapter IV, during the program

validation sequence.
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Chart 2.3 -- Interior Lighting Design Results

Room Information: (Chart 2.1)

Room Use: Office FC Required: 50 fc

Room length: 40 ft Room area: 1600 ft 2

Room width: 40 ft

Ceiling height: 10 ft CCR: 0.5
Fixture height: 8 ft RCR: 1.375
Working height: 2.5 ft FCR: 0.625

Ceiling color: Winter White
Wall color: Silver Lining
Floor color: Crayon Blue

P : 0.83 P : 0.78
pC: 0.70 cc
pW 0.20 P fc: 0.21
ffc

Room dirt condition: Clean
Cleaning cycle: 18 months

Luminaire Information: (Chart 2.2)

Source type: Fluorescent
Maintenance category: V
Distribution type: Direct
S/MH Ratio: 1.2

Initial lamp lumens: 3150
Maintained lamp lumens: 2770

Calculation Results:

Data Source

LLD = 0.879 Example 2.3
LDD = 0.853 Example 2.4
RSDD = 0.97 Example 2.5
LLF = 0.727 Example 2.6

Initial CU value: 0.745 Example 2.7
Floor mult. factor: 1.008 Example 2.7
Final CU value: 0.751 E).ample 2.7

TLR 146526 lumens Example 2.8
# of fixtures required: 24 Example 2.9

2.53
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111. Program Considerations and Development

General

This chapter will present a general discussion of the

two major pre-programming considerations and three basic

programming considerations that have been identified prior

to actually starting the development of the computer

program. In addition to this discussion on the

pre-programming and the programming considerations, actual

program development methods used to satisfy these

considerations will be presented.

Pre-programming Considerations

There are two pre-programming areas of consideration

in creating this program to comply with the objectives as

stated at the end of Chapter 1. The first of these is the

question of how to make the program work on as many

different types of computer systems as possible. The

second consideration is that when this program is turned

over to the electrical group at the AFIT School of Civil

Engineering and Services, how straight forward can this

program be made to enable periodic updating and expansion.

The answer to the first consideration's question is to

create the program in a computer language that is as

universal as possible. This language, for MS-DOS operating

systems (which the Wang pc, and the Zenith Z-248, the

TeleVideo all operate on) is called BASIC. Although each
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computer system has its own actual version of BASIC, the

basis for these different versions is the same for all. In

other words, although each of the computer systems will

have a few "special" commands peculiar to its own system,

the majority of the commands that each system will execute

are the same. Thus, the program on Interior Lighting

Design developed for this project will be programmed in the

programming language of BASIC in such a way as to maximize

* transportability between computer brands.

Fortunately, since BASIC is essentially universal

among computer systems, it is also well known by computer

programmers, and is fairly easy to learn by those who are

not computer experts. This essentially answers to the

concern regarding updates and expansion. It is important

to make the programming easy to follow and understand.

This will be done by ensuring that all variable names are

identified, by commenting the programming lines, and by

breaking the program into small Interdependent parts called

subroutines.

Programming Considerations

There are three major programming considerations for

the development of this computer program on interior

* lighting design. These considerations are: 1) "user

* friendliness"; 2) proper information databases; and 3)

meaningful output. "User friendliness" is a term that

simply means the program should be easy for the design

3.2



engineer to use. Current developments in computer-aided

engineering (CAE) encourage "menu" driven programs to make

a program more user friendly. With the use of "menus," the

user chooses from a preset listing to answer questions

posed by the program. Figure 3.1A illustrates a typical

non-menu driven program statement that would require manual

responses from the user. Figure 3.18 illustrates how

Figure 3.IA could be turned into a menu-driven program

statement. The non-menu type statement does not give the

user any help as to what would be an acceptable or standard

answer, whereas the menu-driven statement does give the

user help - and answers. The program developed for this

thesis effort will be menu-driven.

A menu-driven program, although user friendiy,

requires a greater amount of stored information than does a

non-menu driven program. All of the information that the

program needs to "help" the design engineer must be stored

where it can be referenced by the program. An extensive

set of data will be required to set up proper menus for

this program. Program development for this thesis effort

will create one set of information data that can be updated

or changed by the user. A second set of data will be

protected from design engineering changes. This is because

some data, such as lamp style data needs periodic updating,

whereas other data, such as the effective reflectance

tables (Table 2.3), do not need to be updated or changed.
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Please input the required room information:

Room use ?

FC level ?

A. Non-menu Screen

Please choose one of the following for

required room information:

CHOICE ROOM USE FC LEVEL

A OFFICE 50

B CONFERENCE ROOM 30
C WAREHOUSE 10

D OTHER

B. Menu Screen

Figure 3.1 -- Menu Screen Comparison

The third primary consideration for this computer

program is ensuring meaningful output. One of the best

operations a computer performs is "number crunching," but

unless the program is selective in choosing which number to

give display for the design engineer, the computer is more

than capable of displaying a mass of numbers, all of which

may oe irrelevant. Thus, this program should give only

meaningful output to the design engineer.
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Actual Program Development

In the pre-programming section, the two considerations

discussed were to make the program work on as many

different computers as possible by using a computer

language called BASIC, and by using this language, make the

program easily expandable. Both of these considerations

were taken into account during the actual program

development.

The program (to be referenced to as "LIGHTIA"

hereafter) has been run on three different computer

brands. These brands were the Wang pc (which was the

primary objective), the Zenith Z-248, and the TeleVideo XL

portable computer. LIGHTIA performed properly on all three

brands. The actual BASIC source code for LIGHTIA is given

in Appendix A.

In the formulation of LIGHTIA, the overall program was

actually split into three sub-programs. The primary reason

for this "split" was to stay within the computer memory

space allowed by the BASIC language. (BASIC allows only 64

kbytes of memory to be used, no matter what the size of the

computer hardware memory available.) The first sub-program

is strictly held to a copyright screen, and a main menu

which "calls" the other two sub-programs. The second sub-

program records the room information and the luminaire

information, and performs the actual calculations as

described in Chapter [I. The third sub-program allows
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'4 the design engineer to update the "changeable" data needed

in the program, and to produce printouts of these data

files enabling the user to keep a hardcopy of them.

Both of the second two sub-programs are split into the

interdependent sub-routines mentioned in the previous

sections. A listing of these sub-routine titles is given

in Appendix S. These sub-routines split the given

sub-program into small "logical" elements of program

development. As an example, each separate step of the

calculation stage is performed in a separate sub-routine.

This sub-routine type of set-up will enable future

* expansion of LIGHTiA by allowing each sub-routine to be

copied intact and reused if necessary to perform the same

work in another area of~ application.

Actual Program Usability

In the programming considerations section of this

chapter. there were three major considerations discussed.

These considerations were using "menus" to make the program

user friendly; creating a large amount of stored data,

both changeable and unchangeable, to support the menus;

and ensuring meaningful output. These considerations were

'1 taken into account during program development. The

following discussion will describe how these thr.- e

considerations were built into the program.

During the development of LIGHT1A, the program was set

up so that the design engineer could either use "help"

3.6
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menus (or "tables" as they are referenced in the program)

or just answer questions that LIGHTiA asks to input the

necessary information requirements. Menus similar to I
Figure 3.IB are generated to help the user answer the

questions on the following areas:

1. Actual room use and required FC level

2. Room surface color and reflectance ratios

3. Room cleanliness factors and cleaning cycle

4. Light source type selection

5. Fixture style

6. Fixture distribution type

7. Fixture maintenance categories

8. Lamp style

Other questions that LIGHTIA asks are preceded by prompts

that attempt to help the design engineer understand the

question. If the design engineer chooses not to use the

menus. LIGHTIA issues sets of questions that the he/she

must answer to input the necessary information on the above

topics so that the calculations can be performed.

To support the menus described above, a number of data

files had to be created to allow LIGHTiA to access the

information needed to generate the menus. This was the

second area discussed in the programming consideration

section. Two types of data files were created in the

development ot LIGHT1A. The tirst type can be described as

"changeable." This set of data files uses the third sub-

3.7
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program described in the previous section to allow the

design engineer to update the files when necessary. These

files include the information needed to create the room use

and required FC menu, the room surface color and

reflectance ratio menu, the fixture style menu, and the

lamp style menu. Except for the room use and required FC

menu, the data stored in these menus are the type that

supports the design engineer's own design preference since

each designer will have his/her own "favorite" colors,

fixture styles, and lamp styles. The room use and required

FC level menu is generated from data taken from the AFR

88-15 (Table 2.1), and will only need updating if the

regulation changes. Along with the ability for the design

engineer to change the information that these data files

contain, the third sub-program referenced in the previous

section allows the design engineer to get a hardcopy of the

files through a printer. Appendix C contains a hardcopy

listing of the four files described here to be

"changeable."

The second type of data file that was created for

LIGHTIA is not "changeable". Included In this type of file

was the data for the room cleanliness factors menu, the

fixture distribution menu, and the fixture maintenance

category menu. Also included In this type of data file was

the "number charts" that are required to be used in the

calculations (Tables 2.3, 2.11, and 2.12, and Figures 2.3

3.8
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and 2.4). All of this data can be considered constant. In

other words, this data is never changed in its use within

the Zonal Cavity Method of lighting design.

The last major consideration during the programming

stage of the thesis was the aspect of ensuring that the

pFogram gives a meaningful output. The best way to do this

is to use LIGHTIA to perform lighting design calculations,

and then make sure that the numbers generated by the

program are accurate. Chapter IV will compare how

LIGHTIA's calculations compare to the ones performed in

Chapter 11. Along with showing the output of the program,

Chapter IV will walk through the LIGHTIA's method of

requesting information from the design engineer, and will

show some of the computer screens generated by LIGHTIA.

3I
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IV. Program Validation

Verification

There is nothing more disturbing then to rely on a

piece of equipment, only to find out that it doesn't work

properly when you use it. Similarly, a computer program

that puts out false calculations is useless. Even more

unfortunate, many times, unless the program is checked by

another means, the faulty calculations are not caught.

Because of this, all new software packages should be

verified for usefulness (32:94).

To verify that LIGHTIA performs accurate lighting

design calculations, this chapter will quickly walk through

the example problem that was used throughout Chapter 1:

using the program. Charts 2.1, 2.2, and 2.3 will be

compared to computer generated "screens" throughout this

chapter. ("Screen" refers to what is actually shown on the

screen of the computer's CRT.) Only specific "screens"

needed to illustrate the LIGHTIA's ability will be shown in

this chapter. For a complete set of screens that are

generated to perform this problem from beginning to end on

LIGHTIA, refer to Appendix D.

LIGHTIA's So~ution

Chart 2.1 should be referenced for a complete listing

of the room information generated for the example problems

in Chapter I. Screen 4.1 will be the first working screen

4.1
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ROOM INFORMATION REQUIREMENTS

(i) REFERENCE DATA:

Buildings Rooms Iteration: 1

(2) Room Use: FC Requirements: 0

(3) ROOM DIMENSIONS:
Ceiling Height: 0

Length: 0 Perimeter: 0 Fixture Height: 0
Width: 0 Area: 0 Working Height: 0

(4) ROOM REFLECTANCES:

Ceiling Color: Reflectance: 0 %
Wall Color: Reflectance: 0S

Floor Color: Reflectance: 0 %

(5) Room Condition: Cleaning Cycle: 0 months

Enter selection 5 (x) for data input, or (0) to continue:

Screen 4.1 -- Initial Room Information Screen

that the program will generate when using the "help" menus

of LIGHTIA. At the beginning, this screen will not contain

any information concerning the room. To fill in the room

information, the design engineer simply enters the number

of the item that he/she wishes to complete. For example,

to input the Room Use data, the design engineer would enter

"2." This would cause the AFR 88-15 tables (Table 2.1) to

come up on the screen so that the base engineer may choose

a room use and associated FC level requirement. After a

choice is made and entered, Screen 4.1 will return to the

screen with that chosen information showing in the proper

location. This procedure is repeated until all of the room

information requirements are entered. Screen 4.2 is the

same as Screen 4.1 but with all the room information

4.2
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ROOM INFORMATION REQUIREMENTS

(1) REFERENCE DATA:

Building I None Room I None Iteration: 1

(2) Room Use: General Offices FC Requirements: 50

(3) ROOM DIMENSIONS:
Ceiling Height: 10

Length: 40 Perimeter: 160 Fixture Height: 8
1% Width: 40 Area: 1600 Working Height: 2.5

(4) ROOM REFLECTANCES:

Ceiling Color: Winter White Reflectance: 83 %

Wall Color: Silver Lining Reflectance: 70 %
Floor Color: Crayon Blue Reflectance: 20 %

(5) Room Condition: Clean Cleaning Cycle: 18 months

Enter selec(tion a (x) for data input, or (0) to continue:

Screen 4.2 -- Completed Room Information Screen

*" showing. Note that Screen 4.2 contains the same

information as does Chart 2.1 of Chapter If.

Once the room information is completely entered, the

," design engineer must then choose the type of light source

that is wanted. Screen 4.3 indicates the choices, which

are similar to those listed in Table 2.5, available. Also,

the design engineer is asked if a fixture in memory is

wanted. If a fixture in memory is wanted, LIGHTIA

generates a menu showing the design engineer what choices

are available in the source type that was picked (for

example -- fluorescent). The design engineer simply needs

to pick one of the fixtures listed, and then a

corresponding lamp style, to fulfill the luminaire

Information requirements of LIGHTIA.

4.3
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LIGHT SOURCE CHOICES

CHOICE LIGHT SOURCE TYPE

1 Incandescent (INC)
2 Fluorescent (F)
3 Mercury Vapor (MV)
4 Metal Halide (MH)

5 High Pressure Sodium (HPS)

Enter CHOICE * for source selection: 2

Do you want to use a fixture stored in memory (Y/N) ?

Screen 4.3 -- Light Source Choices Screen

If a fixture in memory is not wanted (as in our case

with the example problem), the design engineer must answer

a series of questions to tell LIGHTIA what kind of fixture

that will be used. After this information is entered,

LIGHTIA determines the coefficient of utilization (CU)

values that must be entered to perform the calculations,

and prompts the base engineer for those values. Screen 4.4

shows the screen that LIGHTIA generates after the fixture

information is entered. The reader will notice that the

"Fixture File #" and the "Lamp File #" spaces are blank.

These two items are only used when fixture and lamp

information is taken from memory. Screen 4.4 can be

compared to Chart 2.2 and contains all the information

pertaining to the luminaire.

4.4
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LUMINAIRE INFORMATION REQUIREMENTS

Building I None Room S None Iteration: I

(1) LUMINAIRE INFORMATION:

Fixture File I S/MH Ratio: 1.2
Fixture Make: Lithonia Maintenance Catagory: V
Fixture Model: 2PM4-240 Distribution Type: 5

(2) LAMP INFORMATION:

Lamp File I Lamp Watts: 40
Lamp Type: F4O Initial Lumens: 3150
Quantity: 2 Maintained Lumens: 2770

(3) DIFFERENT SOURCE TYPE

= Enter selection # (x) for data input, or (0) to continue:

Screen 4.4 -- Luminaire Information Screen

After all the room and luminaire information is

entered, LIGHTIA performs the lighting design calculations

that were performed in Chapter 11. Screens 4.5 and 4.6

give the design engineer all the information and

calculation results that are pertinent to the lighting

design. Table 4.1 is a copy of the hardcopy that LIGHTIA

will produce on a printer if the design engineer desires a

permanent copy of the results. For ease of comparison, the

reader should observe Table 4.1 and Chart 2.3.

The final calculation for the number of fixture number

required in this example's room is 24 for both the hand

calculations (Chapter II) and the computer calculations

(this chapter). The only differences that can be noted are

the results for the effective ceiling reflectance (78 by

hand verses 76 by computer), and the final CU value (0.751

4.5
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FINAL DESIGN CALCULATIONS

Building # None Room # None Iteration: I

Room Use: General Offices FC Required: 50

CCR = 0.50 Ceiling Reflectance: 83 Effective: '6
RCR = 1.38 Wall Reflectance: 70

FCR z 0.63 Floor Reflectance: 20 Effective: 21

Fixture Make: Lithonia Model I 2PM4-240 2 tube

Critical PFR 20 S/MH Ratio = 1.2
CU PCR : 80 70

Values PWR 70 70 Total LLF = 0.727
RCR

.... Final CU = 0.745
1 :77 75

2 71 70

Number of Fixtures Required: 23.44

How many fixtures do you want to use ?

Screen 4.5 -- First Screen of Calculation Results

FINAL DESIGN CALCULATIONS

Building I None Room I None Iteration: I

Room Use: General Offices FC Required: 50

Fixture Make: Lithonia Model I 2PM4-240 2 tube

LLD = 0.879 Floor Cavity Factor 1.007

LDD - 0.853 Final CU Value 0.745

RSDD 0.969
Total LLF - 0.727 S/MH Ratio = 1.2

Spacing Criteria (ft): 6.6

Initial FC Level: 70 Fixture I Required: 23.44

Maintained FC Level: 51 Fixture I Used: 24

ENTER:
(1) To do another iteration of this room
(2) To go to Main Menu, clearing all variables

(3) To get a hardcopy, and return to this screen

Screen 4.6 Second Screen ot Calculation Results

4.6
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Table 4.1 -- Hardcopy of Calculation Results

INTERIOR LIGHTING DESIGN PROGRAM OUTPUT

BUILDING # None ROOM # None ITERATION: 1

ROOM INFORMATION:

Use: General Offices FC Required: 50

Length: 40 Perimeter: 160

Width: 40 Area: 1600

Ceiling Height: 10 CCR: 0.50

Fixture Height: 8 RCR: 1.38

Working Height: 2.5 FCR: 0.63

C. Color: Winter White Reflectance: 83 Effective: 76

W. Color: Silver Lining Reflectance: 70

F. Color: Crayon Blue Reflectance: 20 Effective: 21

Room Condition: Clean Cleaning Cycle: 18 months

LUMINAIRE INFORMATION:

Fixture File #
Fixture Make: Lithonia Lamp File P

Fixture Model: 2PM4-240 Lamp Type: F40

S/MH Ratio: 1.2 Lamp Quantity: 2

Maintenance Category: V Initial Lumens: 3150

Distribution Type: 5 Maintained Lumens: 2770

Necessary Values from
Fixture's CU Chart: LLD: 0.879

LDD: 0.853

PFR : 20 RSDD: 0.969

PCR 80 70 Total LLF: 0.727

PWR 70 70

RCR : Floor Cavity Factor: 1.007
---------------------. Final CU: 0.745

1 :77 75

2 71 70

RESULTS: Spacing Criteria (ft): 6.6

Fixture # Required: 23.44 Initial FC Level: 70

Fixture 0 Used: 24 Maintained FC Level: 51

4.7



by hand verses 0.745 by computer). These differences are a

factor of how LIGHT1A was programmed to use the effective

reflectances table (Table 2.2.3). In developing the data

set for reference by the program, this table was reduced to

the equivalent of a 10 X 10 X 10 matrix. This was done to

stay within the BASIC'S memory criteria. Any number needed

that is not in the matrix directly is extrapolated. This

extrapolation process causes the ceiling effective

reflectance to be slightly off in this example, alsc

resulting in the final CU value being lower. It should be

noted that the effective floor reflectance was calculated

the same way, using the same matrix, and that LIGHTlA's

value matched exactly to what was calculated by hand.

.A..o. a.tnOugn he I na a, --1 3: .- :1e A .as3

lower, the final number of tixtures za c-latej rema:e1 "

same after rounding (to obtain a whole number of tixt jres

occurred. Noting these slight Jiiterences. :t can te

concluded that LIGHTlA perrorms proper\i and within

reasonable accuracy.

'a.

.i

3, ,,. i£.' .: l .L ''_'.' '.
,
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V. Conclusions and Recommendations

Conclusions

At the end of Chapter 1, the stated objectives for

this thesis effort were to develop a computer software

package on interior lighting design that could be used by

base civil engineering personnel; and in developing such a

program, make it work on as many ditferent computer brands

as possible. Along with these objectives, it was stated

that this software package should be distributed through

the AFIT School ot Civil Engineering and Services

electrical engineering department. AFIT'DEE.

in addition to these basi: objectives. Chapter 7'1

met during the actuai prograrr-ning stage ot this thesis

effort. The first consideration was to make the program

"iser triendl'" oy making it "menu driven." The actual

program was set up so that the design engineer could choose

to use the "menus" if desired. This option was given

because once the design engineer becomes familiar with the

program and its information requirements, he/she may not

require the help that the menus are intended to give. The

second programming consideration stated in Chapter 11I was

the aspect of having a large set of information data

tiles. These data tiles were required to support the use

of "menus" in the program. During actual programming, the

5.1
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program was given both "changeable" and "unchangeable" data

files. "Changeable" data files are required because the

data contained within them requires periodic updating with

"current" information. "Unchangeable" data files contain

information pertinent to the lighting design method used

(Zonal Cavity Method), and therefore do not need to be

changed or updated. The third programming consideration

pointed out in Chapter III was the fact that the program's

results must be verified to ensure "usefulness." Chapter

IV walks though an example problem which is used to

demonstrate the accuracy of the program (reworking the same

problem done in Chapter I1 by hand).

LIGHTiA is the software package that has been created

in this thesis effort. The entire source code of LIGHTIA

is contained in Appendix A. A diskette containing the

source code may be obtained from AFIT/DEE, WPAFB, Ohio,

45433. This software package was created in a computer

language called "BASIC" with the intent to make it as

transportable as possible between computer brands. LIGHTIA

has been tested on the Wang pc computer, as well as the

Zenith Z-248 and the TeleVldeo XL portable computer. By

using the BASIC programming language, the lighting program

itself should be easily expanded by the majority of

engineers who have had any kind of programming experience.

The electrical instructors at AFIT/DEE have reviewed

5.2
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LIGHTIA, and will start distribution to the participants of

the October, 1987 basic electrical design class.

Recommendations

Although LIGHTIA performs well, and does what it was

intended to do, it does not cover all the aspects of

lighting design. As stated throughout this thesis there

are three major stages to lighting design. This program

performs the first stage. The second stage of lighting

design is the layout stage. In stage two, the number of

fixtures calculated in the first stage are laid out in a

pattern within the boundaries of the room. A graphics

program that allows the design engineer to perform this

activity on the computer would allow the design engineer to

try many different layouts In a short period of time.

The third stage of lighting design is the "repeat"

stage where the first two stages are repeated over and over

allowing the design engineer to choose the best of a number

of designs. LIGHTIA does not yet contain the ability to

store the designs that are performed in computer memory for

future reference. This ability would be very beneficial

when considering the desirability of repeating designs.

Thus it is recommended that LIGHTIA be expanded to allow

the storage of performed calculations.

5.3



Appendix A: Line Code for Program LIGHTIA

This appendix contains the actual BASIC source code

for the program entitled LIGHTIA that was developed for

this thesis effort. The total program is made up of three

sub-programs. These sub-program titles are listed below

along with the page number that they each start on.

Title Page

LIGHTIA ....... ................. A.2

PROGRAM I ....... ................ A.3

PROGRAM 2 ...... ................ A.33

A.I



5 KEY OFF
10 CLS
14 PRINT TAB(15) .-- -
16 PRINT TAB(15)
18 PRINT TAB(15) ", ."

20 PRINT TAB(5) ', Automated Interior Liqntin9 Design
22 PRINT TAB(15) " Version 1.01 :"
24 PRINT TAB(15) ", 

I"

26 PRINT TAB(15)"
28 PRINT TAB(I5 " Copvriqht C 119@7, Todd A. 'rimes. P.E.

PR INT TB(II1)
:2 PRINT TAB115)
-4 PRINT TAB(15) " For information on this program contact: V
36 PRINT TAB015)""
78 PRINT TAB ) "',T
40 PRINT TAB(15) W AEIT ' oo- , CiAi' Enqineerinq &ervi-es42 PRINT TAB(15) ",WPAFB. OH "4547 :A'

PINT F :' ; T

'FR IN ABY Tel: I5.. 25-4z)-

-; I1T EABi ' "A 'jO~ua:n~cra

4. PFINTAB k ,
T0 R I N T i .... --- -- --- -- --- --e - --- -- --- -- --- -- --

5. PRINT :PRINT

SFRINT AB(2 :INPUT "Press RETURN to continue.". $Of) REM **********MAIN PROGRAM IENU*****************
105 ;EM
I D' REM

I .' I :PRINT :PNT
PF-INT . .Be etrMENU -- A"
:-R "I' NT :PRINT

R-' T VNT EM -"TF 4"

i_- ' IT :N:PR:I NT:RNT:RNT:R

SPRINT TAB H" A icuSaEon BrcEram:
:4t :RINT
I5 PRINT TAB:: AB,4 'Upoae.Hardcopv Proram

% 155 PRINT :PRINTloo P0 RINT T'B(21 ., 7 TAB(4O) "END"

1.! PRINT :PRINT :RINT :PRINT TABB(20 N
21 PNFUT TPlace enter seiectd procedur : E
1,5 34. GOTO ... ... 195
i.0 GOTO 115
15 REM, EM

,,. ",,,S' TEM
,. ...'L' :PRINT :PRINT :FRINT :PRINT :PRINT
.. 2(6 PRINT TAB(7II, "PLEASE BE PATIENT"

207 PRINT
:10 PRINT TAB(:.:,) "LOADING PROGRAM"
215 CHAIN "A:PPOGRAMI"
2"2 SOTO 115
"25 REM

30 L PINT :PRINT :PRINT :PRINT :PRINT
2,I PRINT TAB('31) "PLEASE BE PATIENT"

PRINT
-0. P'RINT TAB(..,) "LOADING PROGRAM"
:40 CHAIM "A-PP0CF, AM.
245 G0TO 115
. REM

155 ; EM

, .



10.5 PRINT :PRINT :PRINT :PRINT :PRINT :PRINT
110 PRINT TABGS!B 'Please place your DATA DI& . in the A' drive."
11S PRINT : PRINT :PRINT
:rv INPUT '~:ress RETURN.. wnen ready. 5.$B
1 15 REM
I L LEAR
1,75 DEFINT A-E

.lREM
o2 DIM RSDF(S.2) :DIM LAt6.Si
0 DIM ACUi:4) :DIM -CCU(4'-
to( DIM RMLSESJS6) :DIM RMUSELEVELt, :219I RMDT1CD$5.n,
j 14 DIM )'FACT(2,S.'
;8 -IM M.FACTOR;: :

'IN PTMAN$30) :DIM PTC2LOF$K0V :DIM FTFEFL :0
27)DIM SOURCE5,2)

2,6 DI1M ?FF)4 :011M PCPI'5 :DIM FWRk4)
74ti 1 'T :ri*5.
44 DIM CTi 6 7

'8 DIM LCODE$,S.10,2) -DIM LAMPDATA(5.IIXP
-nDIM FCDDE 1S.10.4) :DIM FI (DT 5i,10,2)

'5b DIM 0U'(1.4.21 :DIM 1U2,11',2.2)
tDIM CU C,~i:DIM £14' 10,3.2;',

COlf ;EM
5 OUPEE$kI',)'"incandescent" :EOURCE$(1,2s."INC"

J04 .JUFCE$'2,1)="Fluorescent"
c,,b OULRCE5C1)="MerCurv Vapor" :SCURCW-.L2="MV"
508 SOURCE)4.1)="Metal Halide" :SO3UFCESi4.2)='MW'!

SiOURCEVS t-"Hioh Freseure Bo-d i um':UFE, rS

31 TF~!!'ndirEct' I:DTFE3 ._= ;'i2 K7FT:E$,t:
CIbO~iE :B~ Ihetiorc :DFE) 4' k" :0Q DT' F EKJ:2.71

Ku DT"PE$h4 1h="emi-Direct" :DTVPE$14,2)- Io-40' :DT'/PE$(4. .~f- 0

5;2 DTYE(S. 1)=-'Direct" :DTPE$5,i="'-i!Y :DTYPES 5,3)z%1"
5 4 REM
56 PFR(1 =:i :PFR12'2C :Fj 1 :PR 41=05-FO8 I =B : PflP:)=k : DC' 3): :PCR14' :PR.l:

WRAP)=i'C :PWR'2=S0 :FWF .7) F"'WF 4i=I o
5'-REM
aeLM~k...3 : Lf,:b8XOE0 :L' 16' L.A. 71'7 L2Th.
_6LA' 2, 637C,:E-A 2. :LA2&X401 -62 : LA 1 :LA(-.4:.184!L

5W0 14 4, 1 ' LA(4,2 .131 :LA4. t.21o *LM'" ,- >4 44

5 4s REIM
543 MF'rCT1 'S MFCT1.1 344 :1F AC T1 , -1 .' 3 MF AC T.4, = 1)17
556 MFACT 1 .n )=16 :MFCThA, .918 :MAT( FAT

crh],(, ,=,K 4'M - :MFACTK..-5 ,

554 REM
'56 RSDF(5,1' r, :RSDF(481:.24 :REDFC-.i, .7 : SDF'12.j,- -- RSDF(11j .

55 SF,). RDI,.2:RSDFC:,2)=.67 :RSDF(t"2!..7 .RSDF(1Q-).5
56(1- R-EM
562 ITEPATP = I
S64 REM

REM
14'05 OPEN '1", #1. "A:AFPS81S,.INF"

1015 INFUJT#1, RMUSE$A), RMUSELEVYELkA)



- ~ S*~R~ AJ~M r M ' v 5 V.iVY ''.1J*)J4

'00 NEfT A
v L3SE 41

REM
i-5 REM
4 OPEN :1". #,. "':RMDIRT.INF"

Uo45 FOR A=1 TO 5
i05Q FOR B=1 TO 6
1055 INPUT#1. RMDTCD$A,B;
1,b NEXT B
1665 NEXT A
"17' CLSE #I
1075 REM
1080 REM
1085 OPEN "I". #1, "A:MAINTCAT.INF"
1090 FOR ^=I TO 6
1i95 FOR B=l TO ?
1100 INPUT#I, MCAT$,A,B)
1105 NEXT B
1110 NEXT A
1115 CLOSE #1
112: REM
125 REM
1 1-0 OPEN "1". 41. "A:REFLECTR.DAT'
1135 POP4 =I TO 3
1140 INPUT #1. PTMAN$A). PTCOLOR$IA), FTREFL A)
1145 NEXT A
1150 CLOSE #1
1155 REM
I b'.k REM

i115 OPEN " I1, #1, "A:LAMPDATA.DAT"
1170 FOR A=I TO 5
1175 FOR f-I 70 10

1181 ItUT#I, LCODE$(A,B,I), LCODE$A,B,2)
t125 INPUT#', LAMPDATA;.A.B,I:, LA'MPDATAA,B.2 . LAMPDATAA.B..i

'
, 'JE(T 9

i,! 1'5 E, T
!I LOSE 41
i15 REM
1-110 REM
1215 OPEN "". #1 "A:FIXTDATA.DAT"
1220 FOR A=I TO 5
1225 FOR B=-1 TO 10
1230 INPUT#I, FCODE$(A,B,1., FCODE$(A.B,2), FCODE$(A,B,,. FCODE$A,B.4
1&.M INPUT#I, FIXTDATA(A,B,l), FIXTDATA(A,ld,2 ,

1240 NEXT B
1245 NEXT A
S125 CLOSE #1
1255 REM
"16. REM
510 REM ****************** MENU -- B *********4*************4**** *
5105 REM
5110 REM
5115 CLS
512i) PRINT "MENU -- B"
5125 PRINT :PRINT
51.0 PRINT "TYPE ",,"PROCEDURE"

5135 PRINT :PRINT :PRINT
5140 PRINT ","New Room Caics - Fixture Number, w/o Tables"
5145 PRINT :PRINT
5150 PRINT "2","New Room CaIcs - Fixture Number, with Tables"
5155 PRINT :FF R L1T
5160 PRINT ,"",E"ETURN " MAIN MENU"
5165 PRINT :PRINT :PRINT :PRINT TAB00);
317( INPUT "Please enter selected procedure: , B

C.i
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-fI ......D O i 1 51
520 13 : I-' NT  :PR' : * 51

5? -PPIT I N
T

J ';5 7' ( : INPUT Pr ess ;ETURN. ,nen reao.', E
5 PRINT :PRINT .PR'N
5215 PRINT TAB. 1, "LCADING MENU -- A"
Z220 CHAIN "A:LIGHTIA",i
522 REM

52:' REM
' '. REM *****t********** NEW ROOM W:O TABLES *

10105 REM
') C: REMif11 'SuB 1., 10

', IF 3=2 THEN 5" 100
25 ,, SUB 4" 100

0 17' REM
1 'EM REM

145 GOSUB 42110
0 REM

"'.55 KOSU 5I or,

0165 GOSUB 441501)017!0 REM
,., GOSDB 20100,

1 3v ON B 30SUB 401), 5110l,5,42) 1' 4.150
IF B=6 THEN GOTO 10200

1II GOTG 10175
n 1.r REM

REM
:. R'. .O~u 451'.7)

10240 IF B=6 ' OTC 10:55
.1241 IF B=3 THEN 1021'::

i0245 GOP 10)2:0
REm

;,::5 ;,..
,2.. 30SUB 2"52C"

,zjIF DISTTYP, 1 OR DISTTYP c THEN 11)27

j0d7 PRINT
"I I.NPUT "You must identiy a U ~ture tyvpe, press RETUN t otre ,6

..... .I' R "TU'N .to;, . .... ue

I.85 GOTO 10210
11"'9". GOSUB 261')
I102q REM
1",7~ ' CCu'65B 2N100)u PEN
" 110 609DB 22 10

"iSREM

17'.25 REM
10-5 6,,UB 23 1,0 .
lr'7 75 REM
11'4'' ON B GOTO 10 12-5. 130f.57 100~

1...c, REM
I2'c5l REM
i v-1) REM 4EW ROOM W MEt

11D

'C. P OUf - t dN")ttlop,



i R. . EM

I .F ' EN 5100
_ L5 ;EM

t 15 ON B uuSUB 40100, 4110. 421>), 4100, 441:0

11140 IF B. GOT) 111J,
,1145 GOTO 111M
1115 REM
1155 GOSUB 24100
I 166 REM-I!5 GOSUB 4510

11-h ENI! ,'. 0 REM
!11,5 IF fTTAB=2 THEN GOSUB 511(0 ELSE I190

A.*115 REM
% 1 1Q G Os"UB . . I1.0

.154 ON B O;SUB 47100. 4810:
I.r11.0 IF G - OTO 11215

.i.1 IF B=7 THEN l135
I 307 .O 1190
11210 REM

11-30 GOTO 12',
. 5 FRiNT

11210 INPUT "You must identli a *i ture typE. press RETUFN: to contnue, ', B$
11245 GOTO 11165v I j50.. GOSUB 261.0
1i= REM

P SOSUB 22100

7 GOSUB :21 X
'. I5 ;-:EM

i-f ON B GOTO I1 1 t1. 0.7166
11 -65 REM
I1 10 REM
1210 REM ****mnm*4** tt,** 4/" TABLE INTRO ************t****tt**t4.*...*

:2; EM
;EM

,.-1. CLS :PRINT 'PINT :'PRINT :PRINT
;RIN7 TAB-, .t t2 , -- !. .TABLES

J2_5 RINT :PRINT :FRINT
121Pe. PRINT TAB I1- 'This procedure will prompt ,ou with questions that"
12135 PRINT TAB(I',) "you need to answer so that ihe calculations can be"214't ; INT TAB(17) "erformed. If .,ou cannot ansner these questicns,"
12145 PRINT TABi "'.ou should return to MENU -- B. and use the :ther
1 2150 PRINT 'ABu.) 'ocedure available -- 'F12tur Number, witn Tables.
12155 F INT :PRINT
I2I0 PRINT TAB, 1. "Enter 1; to continue,"

., 9RINT TABQI " 2; to ,eturn to MENU -- B"
1217,0 PRINT TABf) INPUT ; B
12.75 RETURN
'2180 REM

.::: REM
1210) REM ********* WITH TABLE INTRO ********** t**s*** m,.**.,

1,110 REM
I'l 15 CLS :PRINT :PRINT :F'RINT :PRINT

120 PINT TA, £7; 'INSTRUCTIONS -- WITH TABLES"

*."g ' gre ..'., "?.V,, -t ,. . \-- ". ."'. ."t .. V ,, V . V,..,-,_.. -, - - .. - ./ C ,'' ,. ,._ -_...,. .._._-,. ...



1:117 PRINT TABtI7) "This procedure will 3ive you screes that must be
'135 PRINT TAB ')"filled out. One screen will be for the room

[140 PRINT TAB(l ) "information, the other screen will be ;or the f:ture"
[3145 R-INT TB1') ":nformation. Tn iill out the screens, simpl., enter"
1150 PRINT TABIh) "the numoer to the ricrt of the major topic desired."
13155 PRINT TAB !-) "Tales .li be .',en to you when possible allowinq"
17160 PRINT TABil3) "you to choose the oest answer ;or your satuation."
13165 PRINT :PRINT
:3170 PRINT TAB(13) "Enter (1. to continue,"
11i5 PR NT TAB(13) " 2) to return to MENU -- B"
13180 PRINT TAB(13) :INPUT " "; B
1385 RETURN
13190 REM
131'5 REM

REM -********* *** SCREEN 1 ********** *****s**************
-0165 REM
2Q110 REM
20115 CLS

?0120 PRINT
20125 PRINT "ROOM INFORMATION REQUIREMENTS"
261.30 PRINT
20135 PRINT " (1) REFERENCE DATA:"
2014) PRINT
2:145 PRINT " Builoing ; ": BLDG:
20150 PRINT TAB(28) "Room I '; ROOMS;
20155 PRINT TAB(5) "Iteration:"; ITERATE
201o0 PRINT
20165 PRINT " (2) Room Use: "; ROtMUSE$
20170 PRINT TAB(4.3) "FC Requirements:": FCLEVEL2017 PRINT
20I'0 PRINT " 13) ROOM DIMENSIONS:"
235 PRINT TAB(55) "Ce:ling Heicht:"; FTCHGT
20190 PRINT " Length:"; RMLGTH;
26195 ; INT TABp.-) "Perimeter:": RMPER;
2020 FRINT AB(55) "c', ture 4elaMt:" ;'F'H5T

r CRINT ' iCt: C .1,W:.DTh:

20210 PRINT TAB(28) "Area: "; RMFAREA;
20215 FRINT TA(55) "Work:ns Height:": FTWSHGT
20"o PRINT
202-25 PRINT " 4) ROOM REFLECTANCES:"
202,0 PRINT
:f.)2Th, REM
5 0 PRINT " Ceilng Color: ": CLCOLGR$;
'0245 PRINT TAB(43) "Reflectance:"; CEILREF;
20250 PRINT "7"
O50 PRINT " Wall Color: "; WLCOLOR$:
20260 PRINT TAB(43) "Reflectance:" WALLREF;
20265 PRINT "7"
20270 PRINT " Floor Color: '; FLCOLORS;
fl.,r PRINT TAB(43) "Reflectance:"; FLOOREF:
202S0 PRINT "%"
2,)P5 PRINT
20290 PRINT " (5) Room Condition: "; DIRTCD$
0229 PRINT TAB(43) "Cleaning Cycle: "; CLCYCLE:" months"
20A,') PRINT :PRINT
, 05 INPUT 'Enter selection # (x) for data input, or (0. to continue: ", B
0.10 REM
n0715 RETURN

20320 REM10.-.25 REM
2!106 REM **** **** m SCREEN 2 **** ************ 4t...,.
21105 REM
21110 REM
21115 CLS
: :2 RE

(A.
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21125 PRINT TAB(;23) "LUMINAIRE INFORMATION REQUIREMENTS"
21i20 PRINT :PRINT
21-5 PRINT Buildinq # "; BLDG$:
21140 PRINT TA(.,) "Room 4 ROOMS:
21145 PRINT TAB55) "Ite.raton: "; ITERATE
21150 PRINT :PRINT
2115 PRINT " 1) LUMINAIRE INFORMATION:"
:6,.: PRINT

2115 PRINT Fixture File * "; FIXTFILES:
21170 PRINT TAB(40) "SiMH Ratio: "; STMHRAT
21175 PRINT " Fixture Make: ": FIXTMA'ES;
21180 PRINT TAB(40) "Maintenance Catagor,: ": MAINCAT$

4 21185 PRINT " Fixture Model: ": FIXTMODELS
21190 PRINT TAB(40) "Distribution Type: "; DISTTYP
21195 PRINT
212*10 PRINT "  '2 LAMP INFORMATION:
2 1 5 PRINT
42210 PRINT " Lamp File # "; LAMPFILE$:

211 PRINT TAB(40) "Lamp Watts: LWATTS
2 R 1 PR4T " Lamp Type: LT(PES,-

:225 PRINT TAB(40, "Initial Lumens: "; INITLUM
21 70 PRINT " Quantity: "; LQUANT:
I 'l .F;RINT TAB(10) 'Maintained Lumens: ": MAINTLUM
21 -4 FRiNrT
2241 PRINT " (3) DIFFERENT SOURCE TYPE"
1 4 PRINT :RINT2120 INPUT "Enter selection # tx) for data input, or (0) to continue: ", B

..... REM
21260 RETURN
21265 REM
2127( REM
1'' REM **************** SCREEN 3

W ll. REM
2211 REM

T RiNT TAB() "-IAL EEI3N 2 "LJLAT. t
-Tl! PRINT
221 70 PRINT Buildinq # "; BLDG;
4-175 PRINT TAB(30) "Room# ; ROOMS:
2214) PRINT TAB(0.) "Iteration: ", ITERATE
22145 PRINT
22150 PRINT Room Use: "; ROOMUSE$:
22155 PRINT "FC Required: ": FCLEVEL
22160 PINT

_2k! PRINT OCR " USING "1.0"; TCAVRAT:
22170 PRINT TABCO) "Ceilinq Reflectance: "; CEILREF;
215 PRINT TAB(60) "Effective: EFFCREF
22130 PRINT RCR "; USING ".0", RCAVRAT:
22185 PRINT TAB(30) "Wall Reflectance: ": WALLREF
22190 PRINT " FOR= " USING '##.##"; FCAVRAT
1945 FRINT TAB(U0) "Floor Reflectance: "; FLOOREF:

22200 PRINT TAB(60) "Effectiv:o: "; EFFFREF
22205 FRINT
22210 PRINT Fixture Make: "; FIXTMA1E$:
22215 PRINT TAB(36) "Model # "- FIXTMODEL$;
22220 PRINT TAB t5) LQUANT; " tube"
225 PRINT
22230 PRINT " Critical";
22235 PRINT TAB(20) "PFR"; :"; TAB(25) PFR(2):
22240 PRINT TAB(60) "S/MN Ratio ="; STMHRAT
22245 PRINT " CU";
22250 PRINT TAB(20) "PCR"; " - " TAB(25) PCR(DI);
22255 IF D2 0 THEN PRINT TAB(6) PCR(D2);
2260 PRINT
22>5 PRINT Values ; TAB;': '?wh"; '; T,-5,RIC1,:

4



2220 IF C2 ' THEN PRINT TAB"3QF! P 2'; i
22275 IF D * THEA FPINT TAB(oa) PWPkC.. ELSE 22255

80 IF £2 '2 THEN PRINT TAB(41! FWV(C2):
-95 F'NT TAB(o "Total LLF = "; USING "'O", LLFH'HO FIRINT T AB (210) "PCR": -

-295 PRINT TABQ), - --- - -"-

22W' PRINT TAB(60) "Final CU = '; USING "4.44#": FINALCU
..5 PRINT TAB(19) ARATIO; TAB(24) :: TAB(25) ACU(1);
-310 IF C2 > 0 THEN PRINT TAB(2O) ACU(2);

-,15 IF D 0 THEN PRINT TAB(36) ACU(3): ELSE 22325
20 IF 2 0 THEN PRINT TAB(41P ACU(4);
5 PRINT

"-,, IF El=l THEN 22760
"., PRINT TAB'ig) BRATIO: TAB 24) ":", TAB(25) BCU(ig
22:40 IF C2 3 THEN PRINT TAB(30) C(2);
24c. IF £2 ' 0 THEN PRINT TAB(36) BCUL); ELSE 22255I
2.,J0 IF £2 , THEN PRINT TAB(41Y BCU(4):
22.355 FRINT
22.. -, PRINT :PRINT
22.3 PRI4T ' lumber ot Fi;tures Required: ": USING "44#.4W; NUMFTI
223 0 PRIN
222 5 INPUT " How mianv fi tures do you 4ant to use "; ACTFI sNUM
22280 Km:2.255 2ETURN

22_% REM
...?5 REM
2310~REM ************* SCREEN 4 ************************ t******
231105 REM
20, REM
.J, hr CLS
2'1)2 PRINT TAB2S 'FINAL DESIGN CALCULATICNS"
7!,f ;PINT
22 .. PRINT " u:loing ": BLDG$:

-! RNT TM .-,, ',x 4 ': '2DM3

-T:45 :RI?4T
:2)PRINT cRom use: ': :-OCMUS.
.. r. FC TAYBoL' 'P- R~euireo: ': F£LE',EL

231j; FRINT

2 r15 PRINT " Fixture Make: ": FIXTMAKE$:
2,17( PRINT TAB(36) "Model * "; FIXTMODEL$;

3175 PRINT TAB 159 LQUANT: "tube"
P" IlT F'F NT

5, P FPINT ' LLD ": USING "4.44#"; LLD:
1' PRINT TAB(45) "Floor Cavit,, Factor ": USING "#.###"; OEF

,190 PRINT " DD = "; SG "#.#"; L.D;
2200 PRINT TAB45) "Final CU Value = ": USING "#.###": FINALCU
225 PRINT RSID = " USING "1.44" RSDD

2221,,) PRINT " Total LLF = USING "#.###"; LLY:
2-215 PRINT TAB 45) SMH Fatio ' " STMHFAT
22220 PRINT TAB45 "Spacing Criteria (ftl: "; USING "444.4"; SPCCPIT
2325 RFINT
23220 PRINT " Initial FC Level: '; ACTFCINIT;
,:2: PRINT TAB(45) "Fixture # Required: "; USING "444.44": NUMFIX
22240 PRINT " Maintained FC Level: "; ACTFCMAIN;
23245 PRINT TAB(45) "Fixture # Used: "; ACTFIXNUM
2250 PRINT :PRINT
237255 PRINT " ENTER:"
23260 PPI NT " II) To do another iteration of this room"
2326., PRINT (2) To qo to Menu -- B. clearing all variables"
XT) FRINT " TO get a harocopy, and return to this screen

23275 PRINT "
23.280 INPUT B
.2.5 REM
.IX,'0 iF 8:1 THEN ITERATE = ITERATE t

-p y rI%



wI

R EMRI:3'0F TUFRN

:EM

2- REM *********** EFFCTIvE REFLECTANCE ********************************
2410c REM

'41 10 REM
L 24115 D=l
2411t REM
241.5 BWALL WALLREF
2410 IF D=I THEN BBASE = CEILREF
2417:5 IF D=1 "HEN RRAT = TCAVRAT
24140 REM
2414c IF D=2 THEN BBASE = FLOOREF
24150 IF D=2 THEN RRAT = ;CAVRAT
24155 REM
241tO IF RRAT=O THEN 24.520
4165 REM

24170 IF 8BASE 35 THEN OPEN "I", 4l. "A:EFFREFq.EFF" ELSE 4180
24175 GOTO 242.

S2410 F BBASE , 75 THEN OPEN "1", 41, "A:EFFREFS.EFF ELSE 24190
24185 GOTO 2427 0
24100 IF BBASE 65 THEN OPEN i". 4!, "A:EFFREF.EFF ELSE 2420,
-41 c GOTO 2;27.
-420- IF BB-E ; 55 THEN OPEN "I". #1, "A:EFFREFb.EFF" ELSE 2421014'0U GOTO 24271'
24210 IF BBASE 45 THEN OPEN "1". #1, lA:EFFREF5.EFF" ELSE 24220
2411' GOTO 24270
2 u420 iF BBASE . 5 THEN OPEN "'", #I, "A:EFFREF4.EFF" ELSE 242-0
24225 COTO 2427:)
24- iF BBASE 25 THEN OPEN "I", i. "AEFFREF.:.EFF" ELSE 24240
:42:5, GOTO 2 27
:4246 IF ?BBSE 15 THEN OPEN "I", #I, A:EFFREF2,EFF' ELSE 2425*
-a4j GOTO -42>242'50 :" 9A=E S ThEF~ _,FE=, "' '',. '4: EFF-EF. .EFt" EL-E -A",K

42 0 ;PEN 'I", 41. P:EfFFEFI.FF
N 42 5REM
2427') FOR ,=i TO 10
;4!75 FOR B=1 TO 1.
24:90 INPUT 1. EFF A,B)
24"85 NEXT B2420 ;JEx(T 4

-2 LcSE #1
240 REM

2:.. IF BPASE 5 THEN C=10
24.315 IF BBASE 15 THEN =2'
24:20 IF BBASE "25 THEN C=70

. 24325 IF BBSE 75 THEN C=40
24:"0 IF BBASE 45 THEN C=50
24 j IF BBASE 55 THEN C=60
24-40 IF BBASE 65 THEN C=7)
4;745 IF BBASE 75 THEN C=80

14 2450 1F EBASE 85 THEN C=96
"4 55 ;EM

247o5 IF BWALL 5 THEIJ A=9
24-70 IF BWALL 15 THEN A=9
24.:75 IF BWALL 25 THE :7

,, * F Wf LL E' -
485 IF BWALL 45 THEN A=5'4.,9. IF BWALL c THEN A=4

-,c 1: :AL . ~5 'H:KN r
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24405 IF EWALL ':35 THEN A=l
24410 FEM
24415 REM
244:0 'RAT = PRAT
24425 IF APAT : RRAT THEN BRAT=ARAT-1 ELSE BRAT=ARAT+1
24430 IF ARAT BRAT THEN CRAT=ARAT ELSE 24440
24435 ARAT = BRAT :BRAT = CRAT
24440 IF ARAT=O THEN EFFRATI=C ELSE 24455
24445 GOTO 24466
24450 REM
24455 EFFRATI = EFF(A.ARAT)
24460 EFFRAT2 = EFF(A,BRAT)
24465 REM
244'6 EFFRAT, = EFFRATI-((EFFRATI-EFFRAT2 *(RRAT-ARAT))
2475 REM
24460 REM
24435 iF D=I THEN EFFCREF = EFFRATD
24490 IF D=2 THEN EFFFREF = EFFRAT
24495 IF D=1 THEN D=2 ELSE 24510
24500 GOTO 24125
2.4,5,.,,1 REM

.4 1) RETURN
.415 -EM
"t' IF D= THEN EFFC.EF = CEILREF

2455 IF D=2 THEN EFFFREF = FLOOREF
24530 IF D=l THEN D=2 ELSE 24545
245.5 GOTO 24125
4540 REM
454S hETURN

'4 :&, REM
:455 REM
I();) REM **************** :LDD) LUMINAIRE DIRT DEP. ********************sfl

251 5 REM
25110 REM
25115 IF ,.N.gTW='- " THEN LLB =.9
51Z CTi="::' IHEU s.= .

75125 IF IViNCAT$="III" THEN LLB = .7
251_0 IF MAINCAT$="IV" THEN LLB =
25135 IF MAINCAT$=V" THEN LLB = .53M •

25140 IF MAINCAT$=WI" THEN LLB = .88
25145 REM
2515f0 IF MAINCAT$="I" THEN AA1 = I
25155 F MAINCAT$="II" THEN AA1 = 2
25150 IF MAINCAT$="III" THEN AA = -
25165 IF MAINCAT$="IV" THEN AA1 = 4
25"171 IF MAINCAT$="V" THEN AA1 = 5
251,,5 IF MAINCAT$="'I" THEN AA1 = 6
2518: REM
25185 IF DIRTCD$="Very Clean" THEN AA2 I
2 190 IF DIRTCD$="Clean" THEN AA2 = 2
25195 IF DIRTCD$="Medium" THEN AA2
25200 IF DIRTCD$="Dirty" THEN AA2 = 4
.57)5 IF DIRTCD$="Very Dirty" THEN AA2 5
25,l REM
25. I' LLA = LA(AAIAA2)
25220 REM
25225 T = CLCYCLE / 12
252 0 REM
25235 LDD = EXPI-LLA*'T'LLB))
252.4) REM
2 245 REM
25250 REM ****n**n***.* (RSDD) ROOM SURFACE DIRT DEP.255 REM

35260 REM
2525 IF DFTC$="Ver1 ,Cler' THEN F D = S-(EXP'-.C7S*T ..

C- E 6i

IN
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25276 IF DIRTCD$=Clean" THEN PDD = t-(EXPf-.12S*(7 .53,i)*I
.5275 IF DIRTCDs="Medium" THEN PDD = I-,ExF'-.19*lT .
5280 IF DIRTCD$=Dirtv" THEN "DD = I-(E(P-.4 *(T .5(P ,.1(
5285 IF DIRTCD$='-.ervDir:, THEN PDD = .1-.EF,-.3-'.-,T .5.!i
- 90 REM
F95 IF RCAVRAT 1 1 THEN RSDD I ELSE 2531v

2570o GOTO 25-65
25,05 REM

1:530 IF PDD 1; 4 THEN 2,5320
2515 GOTO 25340
2532"0 RSD= RSDF(DISTTYP,l.
25325 FSD2 = RSDF(DISTTYP,2)
2533, GOTO 25355
257-7 REM
25340 RSDI = 1-(((i-RSDF KDISTTYP.1))/4 *PDDI
25345 RSD2 = l-U((I-RSDF(DISTTYP.2)).'4)*PDD)
25350 REM
25355 -SDD = RSDI-(( RSDI-RSD2 /9 *RCAVRAT-,.'
25560 REM

25370 REM **************** (LLD) LAMP LUMEN PEP.
25375 REM
25380 REM
' 535 IF MAINTLUM = t! THEN LLD .35 ELSE 254 0o
25390 GOTO 25405

% 25395 REM
254 ) LLD = MAINTLUM / INITLUM
25405 REM

61. 25410 REM
25415 REM **************** LLF) LIGHT LOSS FACTOF
25420 REM
25425 REM
254 70 LLF = LLD * RSDD t LDD
:5435 REM
25440 RETURN
:5445 ;Em
2 41 REM

2,100 REM *************** CHARTED CU VALUES
26105 REM
26110 REM
261:5 El = 0
bI.20 ACREF = EFFCREF

26125 AWREF = WALLREF
261-A AFREF = EFFFREF
261'5 REM
26140 ARATIO = RCAVRAT
26145 IF ARATIG RCAVRAT THEN BRATIO ARATIO-1 ELSE BRATIO ARATIO+l
26150 IF ARATIO BRATI THEN CRATIO ARATIO ELSE 26165
26155 ARATIO = BRATIO :BRATIO = CRATIO
26160 IF ARATIO = 0 THEN El = I
I61b5 IF ARATIO = 0 THEN ARATIO I
26170 IF BRATID = 11 THEN El = I
26175 IF BRATIO = 11 THEN BRATIO 10
2618O REM
2b6,85 REM
26190 IF STTAB = 2 THEN 27845
26195 CLS
26200 PRINT :PRINT :PRINT :PRINT :PRINT
26205 PRINT TAB(34) "READING DATA"
26210 REM
2:215 IF SOL= THEN 26245
26220 IF SOL=2 THEN 26300
26225 IF SOL=3 THEN 26440
2623" IF SOL=4 THEN 26495
2 35 'F 30L=5 THEN 265.)

01. .2



I
2624 EN I
26245 IF FFC=I THEN OPEN "I'" #1, NCUI.DAT"
26250 IF FFC=2 THEN OPEN "I", #1. A:INCU2.DAT"
26255 IF FFC= THEN OPEN "1', 41. "A:INCUZ.DAT"
26260 IF FFC=4 THEN OPEN "1", #1, "A:INCU4.DAT"
26265 IF FFC=5 THEN OPEN "I". #I, "A:INCU5.DAT"
2b270 IF FFC=6 THEN OPEN I", #I, "A: INCU6.DAT"
26275 IF FFC=7 THEN OPEN "I", #1, A:INCU7.DAT"
26280 IF FFC=S THEN OPEN "I", #I. ":INCUS.DAI"
26285 IF FFC=9 THEN OPEN "I", #I, "A:INCU9.DAT"
26290 IF FFC=10 THEN OPEN "' #I, "A:INCU1O.DAT"

19g GOTO 26:55
26.",00 IF FFC=l THEN OPEN "I", #1, "A:FLCUI.DAT"
2605 IF FFC=2 THEN OPEN "1", #1, "A:FLCU2.DAT"
26-110 IF FFC=3 THEN OPEN "I", 41, 'A:FLCU3.DAT"
26315 IF FFC=4 THEN OPEN "I". #1, "A:FLCU4.DAT"
'6-2, IF FFC=5 THEN OPEN "1", #1, "A:FLCU5.DAT,
2512, IF FFC=b THEN OPEN "1" #1, "A:FLCU6.DAT"
4670) IF FFC=7 THEN OPEN "I", #I, "A:FLCU7.DAT"
6,45 IF FFC=8 THEN OPEN "I", #I, "A:FLCU8.DAT"

2b40l IF FFC=9 THEN OPEN "I" #1 "A:FLCU9.DAT
16345 IF FFC=10 THEN OPEN "IA, #i, "A:FLCUI0.DAT'
26,50 P-EM

-07E FOR D=1'D 2
26o0 FOR C=I TO 4
26-,b5 FOR i=1 TO 10
26970 INFUT#1, CU1,B,C,D)
.6'75 NEXT B
26'8 NEXT C
2.s8 NEXT D
26'90 FOR 0=1 TO 2
=-95 FOR :=I TO -

64(p-l FOR B=1 TO 10
]bl5 INPUT41, cU2(B,C.D)

'"': NEXT D
--4425 CLOSE 41
640 GOTO 26690

26475 REM
26446 IF FFC=l THEN OPEN "I". #1, "A:MVCUI.DAT"
26445 IF FFC=2 THEN OPEN "I", #I, .A:MVCU2.DAT
2 450 IF FFC=3 THEN OFEN "I", #I, ":MVCU-.DAT"
245' IF FFC=4 THEN OPEN "I", #I, :'A:MVCU4.DAT"-
2464) IF FFC=5 THEN OPEN I% #1, "A:MVCU5.DAT"
26465 IF c-C=6 THEN OPEN "I", 41, "A:MVCU6.DAT"
26470 IF FFC=7 THEN OPEN "I", #1, "A:MVCU7.DAT"
26475 IF FFC=8 THEN OPEN "I", #I, "A:MVCU8.DAT"
26480 iF FFC=Q THEN OPEN "I", #I. "A:MVCU9.DAT"
26485 IF FFC=IO THEN OPEN ', #I, "A:MVCUI0.DAT"
2649% GOTO 26O05
26495 IF FFC=I THEN OPEN "I", #I, "A:MHCUI.DAT"
26500 IF FFC=2 THEN OPEN "I", #I, "A:MHCU2.DAT"
26505 IF FFC=3 THEN OPEN "I", #I, "A:MHCU3.DAT"
26510 IF FFC=4 THEN OPEN "I", #I, "A:MHCU4.DAT"
26515 IF FFC=5 THEN OPEN "I", #1, "A:MHCU5.DAT"
26520 IF FFC:6 THEN OPEN "I", #1, "A:NHCU6.DAT"
26525 IF FFC7 THEN OPEN "1"9 I1, "A:MHCU7.DAT"
26530 IF FFC=7 THEN OPEN "I" #1, "A:MHCUB.DAT"
26535 IF FFC=9 THEN OPEN "1", #1 "A:MHCU9.DAT"
26540 IF FF=iO THEN OPEN "1" #1 ,"A:MHCUI0.DAT"
26545 GOTO 26605
2655. IF FFC=I THEN OPEN "I", #I, "A:HPCUl.DAT"
26555 IF FFC=2 THEN OPEN "1", #1, "A:HFCU2.DAT"

{ iF FFC=: THEN OPEN '#1, '':HFCU.DAT

I



26565 IF FrC=4 THEN OPEN I", #1, "A:HPCL'4.DAT"
26570 IF FFC=5 THEN OPEN "1" 1, !"A:HPCU5.DAT"
26575 IF FFC=d THEN OPEN '", #1, "A:HPCU6.DAT"
26580 IF FFC=. THEN OPEN "I", #1, "A:HPCU7.DAT"
26585 IF FFC= THEN OPEN "I, #1, "A:HPCU8.DAT'
26590 iF FFC=9 THEN OPEN I, #I , "A:HPCU9.DAT"
26595 IF FFC=1O THEN OPEN "1", #1, "A:HPCUIO.DAT"
2660) REM
26605 FOR C=1 TO 4
26610 FOR B=I TO 10
26615 INPUT*I, CLC3(B,CI)
26620 NEXT B
26625 NEXT C
2no30 FOR D= TO 2
26635 FOR C=1 TO 7
26640 FOR B=l TO 1026645 INPUT#1, CU4(B,C,D)
26650 NEXT B
166 NEXT C
26ovo NEXT D
26665 REM
26670 CLOSE #1
26675 GOTO 27130
26680 REM
26685 REM
6690 iF ACREF <80 THEN 26705
26695 DI = I :D2 = 0
26700 GOTO 26790
26705 IF ACREF <= 70 THEN 26720
26710 D1 = 1 :D2 = 2
26715 GOTO 26790
26720 IF ICREF 4 70 THEN 26735
26725 DI = 2 :D2 =
26730 GOTO 26790
26735 !F 4CREF 50 THEN 26750
2 74(i Di = 2 "r =

26745 GOTO 267926750 IF ACREF 50 THEN '6765

26755 DI = 1 : 2 = 0
26760 GOTO 26790
26765 IF ACREF /= 30 THEN 26780
26770 DI 3 :D2 = 4
26775 GOTO 6,90
26780 DI :D = 0
26785 REM
26790 IF ACF:EF '0 AND AWREF 5 !0 THEN AWREF : 50
26795 REM
26800 IF AWREF < 70 THEN 26815
26805 C1 = I :C2 = 0
26810 GOTO 26900
26815 IF AWREF Y= 50 THEN 26K30

n26820 Cl = 1 : L2 =2
26825 GOTO 26900
26830 IF AWREF \ 50 THEN 26845
26835 C0 2 :C2 =0
26840 GOTO 26900
26845 IF AWREF ,= 30 THEN 26860
26850 C0 = 2 :C2 =
26855 GOTO 26W()
26860 IF AWREF <30 THEN 26875
.3865 : :C2
26870 GOTO 26q%
26875 IF AWREF (= 10 THEN 26890
26880 Cl = 7 :C2 = 4
2:6o5 GOTO '63u,

,,A t.I. 4



Arvi-, pr IN% %
26890 Cl =4 :C2=o
26695 REM
2690o IF SITTAB =2 THEN 2-89c
'6965 REM
26910 IF Dl THEN 271040
26915 ACUOW CUhiARATTO.C1.Dli
26920) BCU(1I CUI(BRATIa.Cl.,)
26925 IF C2 0 THEN 26945
269730 ACU(2) =CUl(ARATIO.CZ,DI)
26915 8CU(2; CUl(BRATIa.C2.,Di
26940 REM
26945 IF D2 0 THEN 27505
26Q50 IF D2 > 2 THEN 26995
26955 ACU(3) =CUDARATIOCl.D2)
'6?60 BCU(') = OUl(BRATIGCi,D2)
-6%5- 'F C2 0 THEN 26985
769" f HCtJ(4) =u C(ARATIO,C-,D2))
?75 CU'4) = CUI (BPATIO,C2.,D2)

26960 REM
2tq.B5 GOTO 27115
'bQ REM
"S995 D7 = C7= C£1
2 t)') 4CUQC CUINARATIOX7,VD3
'705r BCU('' = CU2,BPATIO.COD)
i(.)1 IF C2 - ' THEN 27030 ELSE C4 C2-1
701 ACU(4) = URATIOXC4,D)

"70 1h BCU(4) = CE"(BRATIaOc4DZ
i27625 REM

2707r GOTO 27495
27:c REM

,7040 D3 = Di-2 :C,7 = Cl-i
27045 ACJ(1 CU2~AAI,3D.
27050 BCU(1)= CU2 BRATIOC-,D3)
2711055 IF C2 =0 THEN -27075 ELE C4 C2-1
27A60 'ACUf", = ClU2fRAT10,C4.D])

'7i70 REM
27075 IF D2 0THEN 27115 ELSE D4 =D2-2

27080 ACU(3= CU'(ARATIOC,D4)
27085 9CU(3) =CU2(BRATI0OC3,D4)
270901 IF C2 0 THEN 27115
27095 ACU(4) = CU2(ARATI8,C4,D4)
27100 BCU(4) = CU2 BRATIO,C4,D4C
27105 REM
27110 REM
7115 GOTO 27495

27120o REM
2 7125 REM
271.71 IF ACREF ( 80 THEN 27145
27135 01 =1 :D1

210GOTO 27200
27 145 IF ACREF ,.= 50 THEN 27160
27150 DI = :D2
27155 GOTO 27200,
27160 IF ACREF wK 50 THEN 27175
27165 DI =2 :D20=
27170 GOTO 27200
27175 IF ACRE <= 10 THEN 217190
27180 Dl 2 :D2 =3
27185 GOTO 272-00
27190 Dl :D.2 0
27195 REM
27200 IF ACREF 860 iiND AWREF 50 THEN AWREF 50
27205 REM
27:10 IF *WREF 70 THEN '7Z25



27215 Cl = 1 :C2 C
'722 GOTO 27710

i,5IF AWREF 50 THEN 2724(
2 A0Ci 1 I: C2 - 2
225SOTO 2731-)

=4'5 IF AWREF 1 0 THEN 27275
2726M C I 2 :C2 3
1725 GOTO 27310
27270 IF AWREF -30 THEN 278
27275 Cl = :C2 =
27,2805 GOTO 273710
27285 IF 40RE 4' 10 THEN 27800
272905 Cl = :02 4
27280 GOTO 27310

',Co Ci 4 :C2 =0
~7705 REM
'71)IF SUTT = 2 THEN 27890

'"-15 REM
27.71' IF DI I THEN 27405

2'70 BCUUi') CU3-BAATIO,C1,D1)
~'EIF C2 0 THEN 7355

1740 ACU(,) CU.3(ARATIO,C2,D1)
2745 8CU(2) CU7(BRATIO,C2RDI)
'CO REM

'' 5 'F D2 =0 THEN 2-7495
'7160 D' 1 :C-1 Cl-i

AC()=CU4(ARATIO,.,D7)
BAl =C~ CU4(BRATIO.C3',D37!

T 5IF C2 =0 THEN 279S5 ELSE £4 £-i
80 ACU;C CUiARATIO,C4,E17

'-85 BCU14 = CU4RA10,C4,;)"

2:5GOTO i749C
4C, REM

2740:5 D.- D1-1 :C3 ClI
7410 ,ACU(1'= CU4'ARATIOC. D3)
245BCU(1) = MCBRATIa,C3,D3)

2742-) IF C2 0 THEN 27440 ELSE £4 C 2-i
27"425 ACUf~2) = U4('ARATIO,C4,D3))
27430 BCU 2) = CU4(BFATIO,£4,D3)
2743,5 REM
27440 IF D2 THEN '7'05 ELSE D4 =D2-1

27445j ACU(.3) =CU4(AR4TlOC3 D4)
27450 BCUQ7! CU4(BPATIOCZ,D4)
27455 IF £2 0 THEN 17505/ 46'f ACU(4) = CU4(ARPTIO,C4,D4P
27465 BCU(4 = CU4(BPATIO,C4,04)
27470) REM
;2747C IF DI =3 THEN Dl = 5
27480 IF DI 2THEN DI =
27485 IF D2 =3 THEN D1 =
2749: IF U2 n THEN D2 =
27494 REM
27495 IF ACUUI)=O THEN ACU(l)=ACU(2)
27496 IF BCtJ(1)=0 THEN BCU(11=BCU(2)
27497 IF ACU())=O THEN ACU(2)=ACU(I)
271499 IF BCU (2=) THEN RCU 2) =KU(1)
27490 'F ACU(')=o THEN ACU(3)-4CU(4)
27501" IF BCU (3'-=0) THEN BCU('3)=BCU(4)

*27501 IF ACU(4)=o THEN AICU(4)-4cu(-)
275,1- iF BCU 4i,0 THEN SCU k4) =KU.3



756-, PEM
5-T5: C2 1)0 THEN 2755Y

14515 BCUA BCU(l)-:(.BCU(iA-CU!2.',. PWRi'L')-PWR (C2 ))'PWR(C,-'mPEF')
"9%52 REM

2.7525 IF D2 0THEN 27595
"'7 iICUB ACU( -('AU,)AU4)(W(C)PF( ')*P~~)ARE

27 B CUB SCU(7)-( ((BCU(')-BCU'4) u'PWR(C1)-PWR(C2 ))*(PWR(Cl)-AWREF')
7 40 REM

27545 GOTO 2757
27550 REM
27555 I F D2 0 THEN 27615
27560 ACUA ACU(1I :BCUA =BCU(1)
27565 ACUB ACU(7) :BCUB =BCU(Z)
"'71 FE.
2;75 BCUC ACA(iCAAU)(C(i-PRD4i)kC i-CE
27875 3CUC iBCUA-((BU-CB/P-(l-rRD.)*PR'l-rE

'~c~GOTO 2762
5' .ACUC A : :BCLC = DU

-7600 GOTO 7-625
:'7605. REM
'71() REM
:7 It.CUC = CU .j :E'CUC =Bul
6"7( RE1N
'65 CCUC = AUC-; AU-CC*RARTAAI)
i626 IF CCUC=O THEN 2 7628

'7627 GOTO 2764t)
:6K8 CLS :PRINT :PRINT :PF'INT :PRINT :PRINT :PRINT TAB01'
276"9 PRINT "Not enough CU values are available, Please update fitture file"
2760 PRINT TAP(10 "with additional CU ialues fcr a ceiling reflectance of:

:-'!PRINT PCP(DI); '"

76'? PRINT TABUO1 and a wall reflectance of: -, PWR;Cl.i-
'QINT :0-INT :PhT

7.L1 'NPL!T cres, -ETUFN- 'o rerjpn to neru.

REM
REM

64t,) REM ****.*.*.*FLOOR COEFFICIENT
27645 REM
276Y': REM
27655 IF AF'REF 7's THEN VOEF = 1 ELSE 276P7:

766 30TO 2173f
-. oo5 REM
27670 IF PCR(Dl1=80 THEN OPEN "I", #1, "A:FMUTLFAC8.FLP"
27675j IF PCR(D)=7() THEN OPEN "1", 41. "A:FMULFAC-.FLs^"
27680 IF PCR(DI)=56 THEN OPEN R"., q ":FMULFAC5.FLR"
27685 IF PCR(D)='O THEN OPEN "1", 01, 'A:FMULFAC:..FLR"
2 7690) IF PCP(DI=i 0 THEN OPEN "1", #1, "A:FI1JLFACI.FLR"
27695 REM
27706' FOR A--l TO
27705 FOR B=I To 20

210 INPUT #1. MFACTOR(gAB)
:7715 NEXT B
272') NEXT A
2-75 CLOSEI

27710 REM
27735 C5S Cl

27740 IF C5=4 THEN C5=')
27745 REM

Di'5 IF AFPEF =7*THEN OEF = ACTORiC5. ELE '6
27755 GOTO 2780K0
27760 REM
27765 IF AFREF 20 THEN 27785
277T [11v-CEF NFCO=-JRT - IF'CC;C5,3RATIJ'-l-1; .- F;EF,
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27T'5 GOTO 2'800
27780 REM
2785 VOEF -
27790 REM
27795 REM
27890 REM ************.** FINAL CU VALUE
27805 REM

280REM
27B15 FCU CCLC * KOEF
27820 FINALCU FCU / 100
27325 REM
27870 RETURN
279375 REM
27840 REM
27845 REM ****************** NON-STORED CU TABLES
2785) REM
27855 REM
27860 IF SOL = I THEN 26690
2 865 IF SOL = 2 THEN 26690
27870 IF 30L = THEN 2"'0
2875 IF SOL = 4 THEN 2. _,
2 81) IF SOL = 5 THEN 271?30
395 REM
'391 IF SOL = I R SOL = 2 -HEN 7o20

27895 IF DI z 3 THEN DI = 5
27?00 'F DI 2 THEN DI = 3
27905 IF 2= 3 THEN D2 5
27010 IF D2 =2 THEN D2 3

- 2'915 REM
27920 CLS
27925 PRINT TABf5) "Critical":
27 PRINT TAB(20) "FFF"; 7AB126 "' TAB',O P- R2
27935 PRINT TAB(I) "CU";

27940 PRINT TAB(20) "FCR": TABt "',: TAB:(O 'CFDl*
27Q45 T'F D' C HEN PPIjT ' CR(D2:- -_ RINT '
27455 PRINT TABt5) "Values"'
27% PPINT T B(20) PWR; ABt: : TAB(7CO FWRtCI,;
27%5 IF C2 0 THEN PRINT TAB(401 PWR(C2);
27970 IF D2 0 THEN PRINT TAB(55) PWR(CI): ELSE 27980
27975 IF C2 0 THEN PRINT TAB(65) PWR(C2);
27780 P9INT
72985 PRINT TAB(20) "RCF"'; TAB26 "'
2 7 9 t P R I N T T A B t o, .. ..
2795 PRINT TAB(26) "

29005 PRINT TAB(20) ARATIO; TAB(26) ":"; TAB(Y) "": A; ""
28010 AA= AA + I
28015 IF C2 " 0 THEN PRINT TAB(79 "', AA; u)"; ELSE 28025
28020 AA = AA + I
2902 IF D2 : 0 THEN PRINT TAB(54) " AA; P; ELSE 22045
28030 AA = AA + I
28035 IF C2 > 0 THEN PRINT TAB(64) "(" AA; ""; ELSE 28045
228046 AA = AA + 1
29045 PRINT "'
.1050 IF EI=I THEN 28100
28055 PRINT TAB(26) ":"
28060 PRINT TAB(201 BRATIO; TAB(26) ",; TAB(29) ("; A;"
28)65 AA =AA * I
28070 IF C2 : 0 THEN PRINT TAB(39) "; AA: ")": ELSE 28080
28075 A AA + I
28080 IF D2 ,9 THEN PRINT TAB(54) "("; AA; )"; ELSE 28095
28B5 AA ='AA + I
28090 IF C2 0 THEN PRINT TAB(o4, 'Y'. AA: U"
2':95 PRINT .
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214)' PRINT :PRINT :PRINT rABA5i;
-81C5 PRINT "Please enter the followinq 'alues from the Fi;:ture U chart"
28106 PRINT TAB(5 ;
23C1: INT 'to fill in the chart above. It value is rot given on ,.ture s"
28111 PRINT TAB(5);
23112 PRINT "CU chart, enter . , or Co manual extrapolation and enter -ialue."
28115 PRINT :PRINT

-' 2120BB__128125 PRINT TAB'3(0 "(": BB: " ": :INPUT ACU(1)
281.30 IF C2 0 THEN BB=BB I ELSE 29140
28175 PRINT TAB,(30) ","; BB- ") *- :INPUT ACU(2)
2140 IF D2 : 0 THEN BB=BB+ ELSE 28165
28145 PRINT TAB(',)) "("; BB; ") '- :INPUT ACU(3)
28150 IF '2 0 THEN BB=8+ ELSE 2.8165
28155 PRINT TAB(30) "("; BB; "' ": :INPUT ACU(4
28160 IF Ei=1 THEN 282o~I BB=BB+l

29170 PRINT TABi30) "("; BB; :INFUT BCU(I)
28175 IF C2 0 THEN BB=BBI+ ELSE 28185
2180 PRINT TAB(-0) "" BB; ") ": :INPUT BCU(2)'8185 IF D2 .i THEN BB=BB+1 ELSE 2 210
28190 PRINT TAB(70) ": 8; ") "; :INPUT BCU(3)
-219 IF C2 0 THEN BB=BB+i ELSE 28210
:8'60 PRINT TAIB1T)) 'k . " ': :INPUT BU(4
.8205 REM
28210 CLS :PRINT :PRINT
Z8415 PRINT TAB20) "Please check:"
28220 PRINT :PRINT :PRINT
282" PRINT TAB(15) "Critical CU Values from the Fixture Chart"
92 PRINT
85 PRINT TAB(20) "PFR"; TAB(26) ""; TAB(0) PFR(2)
,. 24o PRINT TAB(20) 'PCR" TAB(26 ; TAB(30) PCR.... "
28245 IF D2 0 THEN PRINT TABI55) PCR(D2);
'250 PRINT

23255 FINT TAB(2( "PWP": TAB(26) "'- TAB(70) pR(CI):
3: 2.l !F '2 FHEN :PINi" T 46! PWRC2;
'826 IF D2 v,1 THEN PRINT TAB(55) PWP(CI; ELSE 28275
232cT IF C2 q THEN PRINT T4B(65) PWP(-C2;
8275 PRINT
'8 B0 PRINT TAB(20) "RCR"; TAB(26)
'8235 PRINT TAB(20) ...--..---------------
28296 PRINT TAB(26)18295 PRINT TAB(19, ARATIO; TAB(26) ,"; TAB Q£) ACU(1);
'870 IF C2 0 THEN PRINT TAB(40, ACU(C;
18 05 IF D2 0 THEN PRINT TAB(55) ACUQ3); ELSE 28315
-810 IF £2 0 THEN PRINT TAB;65) ACU(4);

28715 PRINT
%i 1 o IF EI=l THEN 28355

, 28325 PRINT TAB(261 ':"
, '8-40, PRINT TAB(19) BRATIO; TAB(26) ":"; TAB(.") BCU(1);

8...5 IF C2 0 THEN PRINT TAB.40 BCU(2);
8J40 IF D: 0 THEN PRINT TAB(55) BCU(3); ELSE 285
2845 IF C2 0 THEN PRINT TAB(65) BCU(4);

- 28350 PRINT
2'355 PRINT :PRINT :PRINT :PRINT
28360 INPUT " Is everythin9 correct (Y/N) "; B$
283,65 IF B$="N" OR $o"n" THEN 28375
28370 GOTO 27495
28375 PRINT :PRINT
2838: INPUT " Please re-enter CU values, press RETURN> when ready ", B$

J. 298A5 GOTO 27920
29100 REM ************ NUMBER OF FIXTURES ******************* ***
29105 REM
29110 REM
2V!15 NUMFX = vLR REA )i NTLM#L1T#FILCU*LLFI
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11.

9 120 REM
29125 RETURN
213 FEM
1Q1*5 REMI100 REM A*** ** ACTUAL FC LEVEL *
30105 REM
:0110 REM
30115 ACTFCMAIN =ACTFIXNJM*FINALCU*LLF*INITLUM*LUANT) iRMFAREA
30120 REM
,01 5 REM
-0130 ATFCINIT ACTFCMAINiLLF
0135 REM
-0140 REM
0145 REM *********** SPACING CRITERIA
a0150 REM
'C155 SPCCRIT = STMHRAT*.FTFHGT-FTWSHGT)
A0160 REM

'0115 RETURN
:7' REM
T0175 0EM
4"]'0 REM ******* * ROOM REFERENCE DATA ******************* *
4015 REM
40110 REM
49115 CLS :FRINT :PRINT
40120 INPUT " Please enter the building number: ", BLDGS
40125 PRINT :PRINT
40130 INPUT " Please enter room number: ", ROOMS
40135 PRINT :PRINT
40140 PRINT " This is Iteration #"; ITERATE: " for this room";
40145 INPUT " -- Correct (YN' "; F$
40150 IF B$="N' OR 8$="n" THEN 40160
40155 RErJ RN
4010) PRINT :PRINT :PRINT
40:65 INPLT " Please enter Iteration # ", ITERATE
1) 1 71 GOTO Vt1!
1) 1, 7 ;EM

401) REM
41100 REM *********'*t**** 38-15 FOOTEANDLE LEVELS ************************
41105 REM
41110 REM
41115 CLS
4112) PRINT :PRINT :PRINT
41125 PRINI TABi25i "FOOTCANDLE LEVEL REQUIREMENTS"
41130 PRINT :PRINT :PRINT
41175 PRINT TAB(12) "You must select the room's actual use along with its"
41140 PRINT TAB(12) "corresponding FC level from the following table. This"
41145 PRINT TAB.12) "table comes from the AFR 88-15, and is split into three"
41150 PRINT TAB(12) "screens. To enter your own FC level, choose #1 on the"
41155 PRINT TAB(12) "first screen."
41160 PRINT :PRINT :PRINT :PRINT TAB(26);
41165 INPUT "Press .RETURNI to continue.", B$
41170 8=1 :D=O
41175 ELS
41180 CLS
41!85 PRINT ,'ROOM TYPE","ROOM USE ","FC LEVEL"
41190 PRINT
41195 FOR AB TO (B+11)
41200 PRINT ,A,RMUSE$(A),RMUSELEVEL(A)
41205 NEXT A
41210 PRINT :PRINT ,(B+12),"OTHER"
41215 FRINT !PRINT : INPUT " Enter selected Room Type: ", RMTYPE
41220 IF RMTYPE > (B-1) AND RMTYPE ( (B+12) THEN 41255
41225 IF RMTYPE ) 37 THEN 41325
41230 IF D=1 OR D=2 THEN 41240)
41235 B=1' :D=1 :30TO 41175
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412 40 IF D=2 THEN 4125)
41245 E=25 :D=2 :GOTO 41175
4 1250 :=I :D=) -GOTO 41175
1-55 IF FPMTPE = 1 THEN 41:45
I1250 FCLEVEL=RMUSELEVEL(RMTYPE) :ROOMUE3-RMUSE$ rMTVF
4125 CLS :PRINT :PRINT :PRINT :PFINT
41 70 PRINT TAB(20) "You nave chosen: POOMU E$
41275 FRINT
412O PRINT TAB120) "With a footcandle level of: ", FCLEVEL
41295 PRINT :PRINT TAB120);
41290 INPUT "Is this correct (Y/N) " B$
412'5 IF B$="N" O B$='n" THEN 41305
4170, RETURN
4;.05 PRINT :PRINT :PRINT TAB(12);
41- 1 INPUT "Please select again, Press .RETURN, when ready. 3$
41-31, GOTO 41170
' 0 REM

41l25 CLS :PRINT :PRINT :PRINT :PRINT :PRINT :PFINT
41 30 PRINT TAB(I5:
41'7 INPUT 'Tnvalid entrv. press ,EURN. to tr, aqain. , B5
41,40 GOTO 41170
41r4, CLS :PFRINT :PRINT :PRINT
d7"1' INPUT "  Please indicate desired PC level: " FCLE&,L
15j 1JGC 4SES = ,SS'MT E

4117.60 GOTO 41255
17RE14177(U REM

4Z10i0 REM ****************** ROOM DIMENSION INFORMATION ******************
'2.'5 REM ROOM CAVITY RATIO CALCULATIONS.
42111 REM
42115 CLS :PRINT :PRINT :PRINT :PRINT
42120 PRINT TAB. 701 OM CIMENSIONS"
47121 PRINT :PRINT
II PP'T -9KV "To c lculate .e :.-'tv ratios .c4 the room,"
z'.5 T'F INT .A: .. ,e" the " ' -h n width vst

4...5 .:- INT TAB(15, "aust be -zed.'
71 PRNT :?PINT :PPW1 T :.RIN T

47155 PRINT TAB(10) "Which will you be usi9 to calculate the cavity ratios"'
416 PRINT
41265 PRINT TAB(0) "Enter (1) for length and width eeasurements."
42170 PRINT TAB(10) (2) for Perimeter and area measurements."
42180. INPUT ' "; B

42165 CLS
42106 PRINT FPINT
42105 PRINT TAB(10) "Enter the following room dimensions mn feet):"
42200 PPINT :PRINT :PRINT
422)5 IF B:2 THEN 42225
4 21: INFUT " Room Length: " RMLGTH
42215 INPUT " Room Width: "; RMWDTH
42220 GOTO 4225
42225 INPUT " Room Perimeter: RMPEP
42230 INPUT " Room Floor Area: RMFAREA
42235 PRINT
42240 INPUT ' Floor To Ceiling Height: 4 FTCHGT
42245 INPUT " Floor To Fi,:ture Heiqht: "; FTFHGT
42.50 INPUT ' Floor To Worlmnq Sur4ace Height: ": FTWSHGT
42255 REM
42260 IF B=2 THEN 42285
42265 RMFP P = * FMLGTH+, 14WDTH'
42270 RMFAREA = RMLGTH * RMWDTH

V42275 REM
9.2 1' FTCHG7 7 CR FTFHGT ,, 0 THEN 42420C " ';HT 7 -7TE-GT -7-T467
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-!Z'10 IF TCAHGT ) THEN 4.420
4 ,9_ RCAVHGT = FTFHGT - FTWSHGT
4 -'IF -CAVHGT : 0 THEN 42)20
4:7,.5 FCA HGT = FTWSHGT
42.".Il TF FCAVHGT ' 0 THEN 4'416
,, FEM

4 .-".. TCAVRAT = '2.5 * iTCAVHGT * RMFER)) / RMFAREA
42"25 RCAVRAT = .5 * (RCAVHGT * RMPER)) / RMFAREA
427., FCAVRAT = 2. 5 * (FCAVHGT * FMPER) / RMFAF;EA
4..Z,45 REM42340 CL :PRINT :PRINT :PRINT

42,45 PRINT " Please verify the followinq information:"
42350 PRINT :PRINT
42'55 IF B=2 THEN 4237()
-2o0 PRINT TABk15) "The Room Leneth: '; RMLGTH, ";t.'
42T65 PRINT TAB(15) "The Room Width: "; RMWDTH: "ft."

i 0 ,T PRINT TAB(15) "The Room Perimeter: ; FMPER; '"t.
425 PRINT TAB(15) "The Room Floor Area: "; RMFAREA: 'it2"
4 3:80 PRINT
4170K PRINT TB{I5) "The Floor to Ceii:ng He.qht: ', FTCHGT';
44,90 PRINT TAB(15) "The Floor to Fixture Hei:ht: '; FTFHGT; "ft."42'.9" PRINT TAB015) "The Floor to Workinq Surface Heiqht: ' FTWSHBT: ";t.
4v4" DPINT :PRINT
24- INPUT Is everythinq crrec. '" '. S$

4-410 IF B$="n" OR B$="N" THEN 42485
42415 RETURN
4242 CLS
4.425 PRINT :PRINT :PRINT :PRINT TAB();
424 0 PRINT "Please ensure that your numbers fit the foilowing requirements:
4.475 PRINT :PRINT TAB(B);
4 440 PRINT ":.1) Fi,'ture height must be equal to or less than Ceilhnq heient:"
42445 PPR1INT TAP(@);
4 ,4 ) PPINT "(2) Working surface cannot be above Fixture heiqht; and"
4-.4c Ph4irl: TAB!8);

L, N PiIT "--' 'o _sur-ac_ )elqht .:an te less -han :ero."

-47f; PRIIT TAB,5) 'Fleae enter the he.eht dimensi:n- a;aln:
42475 PR INT : PRNT
42480 GOTO 42235
42485 PRINT :PRINT :PRINT TAB(ll);
42490 INPUT "Please re-enter data, press (RETURN> when ready.", B$
42495 GOTO 42185
4250 EM
42_., REM
4'j.0" REM ***************** SURFACE REFLECTANCES ****************************
4. ,:1:5 REM
4311') REM
43115 CLS :PRINT :PRINT :PRINT
43120 PRINT TAB(30 "SURFACE REFLECTANCES"
4:1125 PRINT :PRINT :PRINT
43130 PRINT TAB(12) "You need to choose the color and reflEctance ratinqs:'
43135 PRINT TAB(12) "of the ceiling, the walls, and the floor. Following"
43140 PRINT TAB12) "are 3 screens full of colors and their associated"
43145 PRINT TAB(12) "reflectances to make your choices from. Please enter"
4"150 PRINT TAB(12) "the TYPE # in the sequence indicated."
4315 PRINT :PRINT :PRINT TAB(26);
43160 INPUT "Press 'RETURN'. to continue.", S$
43165 REM
43170 ?=I :C=0 :D=)
4.3l75 CLS :PRINT
T,3f PF':T ."TPE' ",FAND", "COLOR", "REFLECTIVIT'"

43185 PRINT
4311?0 FOR A=B TO (B+9)
4-00 PRINT ,A, PTMAN$VA), PTCOLORI(A): TAB(60) PTREFLkA)
47t3( NEXT A
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43205 PRINT :PRINT ,(B+1l. "OTHER"
47-10 F'FINT :PRINT
4-r5 PRINT ,"To select, Enter T'YPE #"

47Z0 PRINT
4=5 Ic C=l GOTO 47275
4:231) IF C=C GOT 43,25
4.72-5 INPUT " TYPE # for Ceilhnq Color: ", CLREF
43240 IF .REF (B-1) AND CLREF (B+10i THEN 43280
4245 IF CLREF 31 THEN 439O
43250 IF D=I OR D=2 THEN 43260)
43255 B=I :D= :GOTO 43175
43260 IF D=I THEN 32'70
43265 13=21 :D2 :SOTO 43175
4-)276 B=1 :D :GOTO 4:175
4'275 PRINT TAB(I) 'TYPE # for Ceilina Color: "; CLREF
4'7.80 

C=l

4..,8c IN4LT TYPE # for Wall Color: , WLREF
43290 IF WLREF (B-lP AND WLREF (B+1O% THEN 4775
47295 IF WLREF 3I THEN 43-490
471Xj IF D=l OR D=' THEN 4M1&
43'05 B=1i :D=I :GOTD 4:175
4710 IF D=2 THEN 43.720
C-715 B=21 :D=:SO__TO 41175

A 81. l :D=,I :SOTO 47175
477.2 PRINT TAB(15) "TYPE # for Ceiling Color: ": CLREF
4-77) PRINT TAB(15) "TYPE # for Wall Color: "; WLREF
4.75 C=2
4 4 INPUT " TPE # for Floor Color: ", FLREF
43345 IF FLREF (B-) AND FLREF .(B+i<i THEN 436
4S50 IF FLREF 31 THEN 4:49
4755 IF D=1 OR D=2 THEN 4.bc5
4760 8=11 :D=1 :GOTO 4"75
47o5 IF D=2 THEN 4375

7CB=I :=2 :5-OTO 4:175
- , = :GOTO 4.,,

5 23 :PRINT :PRINT
PR I NT TAB'l0 "You have chosen:"

4-,Q5 PRINT :PRINT
434'w PRINT TAB(10) PTCOLOR$(CLREF); TABC(0) "with a"; PTREFL!CLREF);
474C65 PRINT "% Reflectivity for the Ceiling."
47410 PRINT
47415 PRINT TAB(10) PTCLOR$'WLREFj; TABSCO) "with a": PTPEFL;WLREFi;
47420 FFiNT "" Reflectivity for the Walls."
43425 PRINT
474:0 PRINT TABiIO) PTCOLOR$'FLREF); TAB(:0) "with a"; PTREFL(FLPEFJ:
4345 PRINT "-. Peflectivity for the Floor."
43440 PRINT :PRINT :PRINT
43445 INPUT " Are these all correct (Y/N) "; 5$
47345k IF 85="N" OF B$="n" THEN 43475
4,455 CEILPEF = PTPEFL(CLREF) :CLCOLOR$ = PTCOLOR$(CLREF(
43460 WALLPEF = PTREFL(WLREF) : LCOLOR$ = PTCOLOR$(WLREF
43465 FLOOREF = PTREFL(FLREF' :FLCOLOR$ = PTCOLOR$(FLREF,
43470 RETURN
43475 PRINT :PRINT :PRINT TAB(l0);
4:480 INPUT "Please re-enter you choices, press RETURN to continue.", E$
434F5 GOT[} 437165

43490 CLS :PRINT :PRINT :PRINT :PRINT :PRINT :PRINT
43495 PRINT TAB(12);
43500 INPUT "Invalid entry, press <RETURN) to try again.", B$
47505 GOTO 43175
43510 REM
43515 REM
44100 REM ****** ** ROOM DIRT CONDITIONS ******4***s*******
441 5 REM



44110 REM
4411 E 231S :FRINT :PRINT :PRINT
44120 PRiNT TAB(30) 'FOOM DIRT CONDITIONS"
44125 RINT :PRINT :PRINT

* 441:0 PRINT TAB,2T) " ou must select a Dirt Condition "

44_5 PRINT TA32..... "and a cleaninq cvc!e for the room."
, 44140 PRINT :PRINT :PRINT :PRINT TAB'26);

44145 7NPUT "Press .RETURN; to continue.", $
44150 CLS :PRINT :PRINT
44155 PRINT ,"DEGREES OF ROOM DIRT CONDITION"
44160 PRINT :PRINT
44165 PRINT ,"DEGREE", "EXAMPLE", "CONDITION"
44170 PRINT

% 44175 B:6
-1' 44180 FOR A=! TO 5
-" 44135 PRINT ,A.2,RMDTCD$(A.I)

44191 B=B+l
441q5 f' NEXT A
44200 PRINT :PRINT
442i05 PRINT " Enter DEGREE # to select condition or,"
44210 PRINT " EXAMFLE # to see explaination of condition."
44215 PRINT :PRINT
14220 INFUT " Selection: ", C
44225 REM
442:0 IF C I OR C 10 THEN 44455
44 25 IF C 0 4ND C K 6 THEN 44:45
44240 IF C " AND C It THEN 44265
44245 PRINT :PRINT
44-.) INPUT ' Invalid entry, press RETURN: to try again.", 3$
442 nr OTO 44140
1426u REM
442b' CLS :PRINT
4427) PRINT TABQ0) "CONDITION : ", RMDTCD$(C-,)
44275 PRINT :PRINT
.42-- PRINT . 'ENERATED nIP T", -MDTCD$C-L 2I

44:T0 PRINT ,"AMBIENT DIRT ", RMDTCD$(C-5.,)44295 PRINT

44:00 PRINT ,'REMGVAL OR ", RMDTCD$(C-5,4'
44:05 PRINT ,"FILTRATION"
44-16 PRINT
44715 PRINT ,"ADHESiON ", RMDTCD$(C-5,5
44720 PRINT
44:2- PRINT ,"EXAMPLES ' RMDTCD$(C-5,)
44;.. PRINT :PRINT :PRINT :PRINT :PRINT TAB();
44.7 INPUT 'Press RETURN. when readv to continue.", E4
44:40 GOTO 441'5'
44:4j5 REM
44:5) DIRTCD$ = RMDTCD$(C,I)
4,55 REM
41760 PRINT
44.-5 PRINT Please indicate the normal time between fiture cleaninq."
44370 PRINT " Example: Cleaned once every three years = a months.
44375 PRINT
44:80 INPUT " Your cleaning cycle time (in months)": ELCYCLE
44:85 CLS :PRINT :PRINT :PRINT :POINT :PRINT
44:90 PRI NT TAB(.0) "You have chosen:"
44%95 PRINT :PRINT
4441'1 PRINT TAB(20) "A Room Dirt Condition of: " DIRTCDS
44405 PRINT
-4A'l rINT 74A30) "and a Cleanin Cycle of: " ILCYCLE: months"
44415 PRINT :PRINT :PRINT :PRINT TwB(5):
4442) INPUT "Are these correct (YIN)"; B$
44425 IF 8$"N" OR B$="n" THEN 44475
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'444 PRINT :PRINT44440 FRIPJT :PRINT TAB(15):

44445 INPUT "Please re-enter data, press RETURN) when ready.", B$
44450 GOTO 44150
..44" PRINT :PRINT
44460 INPUT " Invalid entry, press (RETURN>. to try again. , B$
44465 GOTO 44150
44470 REM
4475 REM
45100K REM **************** LIGHT SOURCE TYPES ******************************
45105 REM45110 REM

45115 CLS
45120 PRINT :PRINT
45125 PRINT TAB(32) "LIGHT SOURCE CHOICES"
45130 PRINT :PRINT :PRINT
45135 PRINT TAB(20) "CHOICE" TAB(40) "LIGHT SOURCE TYPE"
45140 PRINT :PRINT
45145 FOR A=1 TO 5
45150 PRINT TAB(22) A: TAB(40) SOURCE$(A,I): TAB'62) "(": SOURCES!A,2):
45155 NEXT A
45160 PRINT :PRINT
45165 INPUT " Enter CHOICE # for source selection: ", SOL
4517) iF SOL 1 OR SOL .: 5 GOTO 45200
45175 REM
45180 PRINT :PRINT
45185 INPUT " Do you want to use a fixture stored in memory (Y/N) ; 8$
45190 IF B$"n" OR B$="N" THEN STTAB=2 ELSE OTTAB=,
45195 RETLRN
45200 REM
45205 PRINT :PRINT
452l INPUT " invalid entry, press : RETURN' to try 3aain.", B$
45t15 GOTO 45115
45220 REM
45225 REM

0 EM FIATUPE CHOICES
47105 REM
47110 REM
47115 CLS
47120 PRINT TAB(21) "FIXTURE CHOICES: "; SOURCE$(SOLI): " Fixtures"
47125 PRINT :PRINT :PRINT
47130 PRINT "CHOICE"; TAB(12) "FILE #"; TAB(23) "MAKE": TAB(37) "MODEL #":
47135 PRINT TAB(51) "MAINT."; TAB(64) DIST.": TAB(74) "SiMH"
47140 PRINT TAB(50 "CATEGORPI; TAB(64) "TYFE"
47145 PRINT :PRINT
47150 FOR A=1 TO 10
47155 PRINT TAB(3) A- TAB(I) FCODE$(SOL,AI), TAB(23) FCODE$tSOL,A,2):
47160 PRINT TAB(37) CODE$(OL,A,3) ; TAB(53) FCODE$(SOL,A,4);
47165 PRINT TABt65) FIXTDATA(SOL,A,2); TAB(74) FIXTDATA(SOL,A,I)
47170 NEXT A
47175 PRINT :PRINT
47180 PRINT " Enter CHOICE # to choose fi;ture, or"
47181 INPUT " (0) to choose different light source type: ", FFC
47185 IF FFC K 0 OR FFC > 10 GOTO 47360
47186 IF FFC = 0 THEN RETURN
47190 REM
47195 REM
47200 CLS
47205 PRINT :PRINT
47210 PRINT TAB(20) "FIXTURE CHOICES: "; SOURCE$(SOL,I); " Fixtures"
47215 PRINT :PRINT
47220 PRINT TAB(I0) 'You have chosen:"
47225 PRINT
47230 PRINT TAB(20) "Fixture Mal'e:": TAB(55) FCODE$(SOL,FFC,2'
472,35 PRINT

. -
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47240 PRINT TMB'JO) "Fixture Model:"; TAB 55) FCODE$kSOLFFC.3)
47245 PRINT

* 4720 PRINT TAB(20) "F:*tures Maintenance Categorv:"; TAB.55) FCODES(SOL.FFC.4)
47255 PRINT
47260 PRINT TAB(20) "Fi::ture's D:stribution Type:"; TA8*r) FIXTDATA(SOLFFCT"
47265 PRINT
47270 PRINT TAB(20) "Fixtures S/MH Ratio:"; TAB(55) FIXTDATA(SOL.FFC,I)
4727, PRINT :PRINT
47280 INPUT " Are these correct (Y/N) "; B$
47285 IF B$="N" OR B$="n" -OTO 47775
47290 REM
47295 FIXTFILE$ = FCODE$iSL,FFC,1)
47300 FIXTMAWE$ = FCODE$(SOL,FFC,2)
47. 05 FIXTMODEL$ = FCODE$(SOLFFC,3)
47310 MAINCAT$ FCODEVSOL,FFC,4)
47:15 STMHRAT FIXTDATA(SOLFFCI)
47720 DISTTYP FIXTDATA(SOL,FFC,2)
4 25 REM
47770 RETURN
-7-.35 PRINT
47340 INPUT " Please choose aqain, press 'RETURN when ready.", B$
47345 GOTO 47115
47350 REM
47355 REM
47360 PRINT
47765 INPUT " Invalid entry, press ,RETURN. to try aqain. ", 9S
47370 GOTO 47115
47375 REM
4778o REM
481C0 REM ***4************* LAMP CHOICES *****s*.***********..****
48105 REM
48110 REM
48115 CLS
43120 PRINT TAB(21) "LAMP CHOICES: ", SOURCE$(SOL,1): Lamps"
48125 PRINT :PRINT
481-O PRINT T48,E) 'CHOICE": TA4J(', "K;LE 4" T4 B, ' ODE"-
4815 PRINT T4(43) 'WATTS"- TAB55) "INITIAL': TAB(o8) "MAINT."

48140 PRINT TAB(55) 'LUMENS ; TAt68) "LUMENS"
48145 PRINT
48150 FOR AI TO 10
48155 PRINT TAB(10) A; TAB(19) LCODE$(SOL,A 1); TAB(70) LCODE$(SOL,A,-2):
48160 PRINT TAB(4') LAmPDATA(SOL,A,l); TAB(55) LAMPDATA(SOL,A,2);
48165 PRINT TAB(8 LAMPDATA(SOL,A, 3)
48170 NEXT A
48175 PRINT :PRINT
43180 INPUT " To select a lamp, enter CHOICE # ", LLC
48185 IF LLC I OR LLC 1 10 6OTO 48375
48190 PRINT
48195 INPUT " How many lamps are required per fixture'; LAMPNUM
48200 IF LAMPNUM * I TH N 4837S
48205 REM
48210 CLS
48215 PRINT :PRINT
48220 PRINT TABIlO) "You have chosen:"
48'25 PRINT :PRINT
48230 PRINT " Lamp Type: "; SOURCES(SOLI)482)'H PRINT

48240 PRINT " Lamp File # U; LCODE$(SOL,LLC,I)
48245 PRINT
48250 PRINT ' Lamp Code: "; LCODE$(SOL,LLC,2)
48255 PRINT
48260 PRINT "  Lamp Watts: "; LAMFDATA(SOL,LLC,I,
48265 PRINT
48270 PRINT " Lamp's Init:al Lumens: "; LAMPDATA(SOL,LLC,2)-48:" PQ INT

-61
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.,2&) PRINT amp ,!lain;ained Lumens: I; LAMPDATA-SOLLC,3I
8235 PINT

482-jQ r9INT Lamps per Fixture: : LAMPNUM
4829 PRINT :PRINT
48,) INPUT is evervthinq correct 01/N) " B$
48.305 IF B$="N" OP B$="n" GOTO 48315
48,10 GOTO 48735
48-15 PRINT :PRINT
48:20 INPUT Please choose again, press 'RETURN> when ready. , $
48725 GOTO 48115
48330 REM
48335 LAMPFILE$ = LCODE$(SOLLLC,I)
48340 LQUANT = LAMPNUM
48345 LWATTS = LAMPDATA(SOL,LLC,I)
48350 INITLUM = LAMPDATA(SOLLLC,2)
48355 MAINTLUM = LAMPDATA(SOL,LLC,3)
48360 LTYPE$ = LCODE$(SOLLLC,2)
48365 RETURN
48370 REM
48375 PRINT :PRINT
;8..-.80 INPUT Invalid entry, press RETURN, to try again. , $
48385 GOTO 48115
4830 REM
4695 REM
5-'v00 REM **************** NON-TABLED ROOM INFORMATION **********************
50105 REM
50110 REM
50115 REM ****************** ROOM USE WiO TABLES
50120 CLS
50125 PRINT :PRINT :PRINT :PRINT :PRINT
50130 INPUT " Please enter the room's use: ", ROOMUSE$
501:5 PRINT
50140 INPUT " Please enter the FC level required: , FCLEVEL
50145 PRINT :PRINT :PRINT :PRINT
50150 INPUT Is evervthinq :crrect Yl, N) ': B$

0155 :F R5=" R 1$=711 TH1
5110 ETUFN
5)165 PRINT :PRINT :PRINT
5017: i 1UT Re-enter data. Press <RETURN. when ready.", BS
50175 GOTO 50120
50180 REM
56135 REM 4

5,c( REM ************ ROOM REFLECTANCES 1/O TABLES
501-15 C L 5
502 00 PRINT :PRINT :PRINT
50205 INPUT " Please enter the Ceilinq Color: , CLCOLOR$
50210 INPUT " Please enter the Ceiling Reflectance no decimal.: ", CEILREF
50215 PRINT
5)220 INPUT Please enter the Wall Color: ", WLCOLORS
50225 INPUT Please enter the Wall Reflectance "no decimal): ", WALLFEF
5020 PRINT
50-..5 INPUT Please enter the Floor Color: , FLCOLOR$
50240 INPUT " Please enter the Floor Reflectance (no decimal): , FLOOREF
50245 PRINT :PRINT :PRINT
50250 INPUT " Is everything correct (Y/N) ": B$
50255 IF B$="N" OR BS="n" THEN 50290
50260 IF CEILPEF (I OR CEILPEF 100 THEN 50280
..0265 IF WALLREF ' I OR WALLREF 100 THEN 51280
50270 IF FLOOREF I OR FLOOREF 10y) THEN 5029.:)
50275j RETURN
50290 ~~MIT :PRINT
5(285 E RINT I Reflectances must te greater than one ano less than iokl."
50290 PRINT :PRINT
(1295 INPUT Please re-enter data, oress RETFN. when ready.', B$
5((i 30TO 50195

.r o le d-.or.%01-.( 1 ,TI
L n% Yne. ' I -I.



SC.,.05 REM50-10 REM
511('0 REM *************4**** NON-STORED FIXTURE INFO ************'***************0110 REM
511 15 REM

51115 CLS
5112C: PRINT TAB(.0) "LUMINAIRE INFORMATION"
51125 PRINT :PRINT
51130 PRINT "Please enter the following information on the fi::ture you wish to":
51135 PRINT " use: "
51140 PRINT "(Enter '0' to get help, when showni
51145 PRINT :PRINT
51150 INPUT " Fixture Make: ', FIXTMAKE$
51155 INPUT " Fixture Model: FIXTMODEL$
51160 PRINT
51165 INPUT "  Maintenance Category (OR '0 . MAINCAT$
51175 IF MAINCAT$ = "I" THEN 512)
51180 IF MAINCAT$ = "11" THEN 51220
51185 IF MAINCAT$= "III" THEN 5122051190 IF MAINCATS = "'I" THEN 51220
51195 IF MAINCAT$ = "V" THEN 51220
51210 IF MAINCAT$ = "VI" THEN 51220

51'Y5 GOSUB 54100
1 '=I ;G3TO 51295

5iz15 REM

- INPUT " Distribution Tp OR '0: ", DISTTYP
C5122 IF DISTTYP I OR DISTTYP : 5 TE GOSUB 551"0 ELSE 51240
51 2 A=2 :GOTO 51295
51270 REM
5124(; INPUT ' Spacing-to-Mountin9 Height: ", STMHRAT
51245 PRINT :PRINT
j12504 I4PT " L..mp Tpe: ", LTYPE$
51 22 INPUT " Lamp Wattaqe: , LWATTS
51255 INPUT " Lamp Quantitv: LQUANT
512b0 INPUT " initial Lumens: INITLUM
12.5 NP'JT ' aintained Lumens r i -or :eaulit!: "4AINTL;1
51276 REM
51,275 IF MAINTLUM=0 THEN MAINTLUM = INITLUM*.85
51280 REM
51295 GOTO 51375
5129 REM
51295 CLS
5170( PRINT TAB(7:1 "LJMINAIPE INFORMATION"
5!705 PRINT :?,PS.NT
51'240 PRINT 'Flease enter the +ollowinq iniormation on the fi'ture you wish to":
51315 PRINT " use:
51320 PRINT "'Enter 0 to get help, when shown)
51325 PRINT
51.:30 PRINT " Fi:ture Make: ": FIXTMAKE$
51335 PRINT " Fi;:ture Model: "; FIXTMODEL$
91.74) PRINT
51345 PRINT " Maintenance Category 0OR '0: "; MAINCAT$
51350 IF A=I THEN 51215
51355 REM
51360 PRINT " Distribution Type (OR '0'): "; DISTTYP
51365 GOTO 51240
51370 REM
51375 CLS
51380 PRINT TAB(30) "LUMINAIRE INFORMATION"
5175 PRINT :PPINT
51.90 PINT " Please verify the ;ollowing:
51'95 PRINT :PRINT
51400 PRINT " Fixture Male: " : FIXTMAKE$
51405 PRINT " Fi.ture Model: ", " ": FIXTMODEL$
5  i0 c %NT
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51415 PRINT " Maintenance Categor': MAINCAT
51421 PRINT " Distribution T-pe: ,DISTTYP
51425 PRINT " Spacing-to-ountinq Height: ", STMHRAT
514Z0 PRINT :PRINT
51435 PRINT " Lamp Type: ", . ' LTYPE$
51437 PRINT " Lamp Wattage: ", LWATTS
51440 PRINT " Lamp Quantity: ", LQUANT
51445 PRINT " Initial Lumens: ", INITLUM
51450 PRINT " Maintained Lumens: ", MAINTLUM
51455 PRINT :PRINT
51460 INPUT " Is everythin9 correct (Y/N) ": B$
51465 IF B$="Nu OR B$="n" THEN 51515
51470 IF LQUANT < I THEN 51490
51475 IF INITLUM K MAINTLUM THEN 51500
51480 REM
51465 RETURN
51490 PRINT :PRINT " Lamp quantity must be qreater than one."
514q5 GOTO 51515
515(w) PRINT :PRINT " Initial lumens must be qreater than maintained lumens."
51505 GOTO 51515
51510 REM
51515 PRINT
1520 !NPUT Please re-enter iata, press -RETURN, when ready. ", B$

5152 OTW 1115
5153C? REM
51535 REM
54100 REM ******** * MAINTENANCE CATEGORIES ************* **********
54105 REM
54110 REM
54115 CLS
54120 PRINT :PRINT
!125 PRINT TAP",(') ",MAINTENANCE CATEGORIES"
54130 PRINT :PRINT :PRINT
54175 PRINT TAB(10) "CHOICE": TAB(25) "E(,MPLE": TABi40) "MAINTENANCE":
54140 PRINT TABi6(.) "AMOUNT OF"
74!45 cRT .AB.42i TEGOPY" TABiol "WORK"
5415(1 PRINT
54155 FOR A=I TO 6
541,0 PRINT TAB'11 A; TAB(27) ',A+61; TAB(45) ICAT$(A,I); TABt63) MCAT$(A,2,
54165 NEXT A
54170 PRINT :PRINT :PRINT
54175 PRINT " Enter CHOICE # for selection or,"
54180) INPUT " EXAMPLE # for eaplaination. ", B
54:60 IF 8 1 CP 3 12 THEN 54'2(1
54190 IF B . 7 GOTO 54305
54195 REM
542ry') CLS
54205 PRINT :FRINT
54210 PRINT TAB(28) "MAINTENANCE CATEGORY EXAMPLE"
54215 PRINT
54:26 PRINT TAB(35i *CATEGORY "; MCAT$(B-6,1)
5422 PRINT :PRINT
5423A PRINT TAB(10) "TOP ENCLOSURE:"
54235 PRINT
54240 FOR A3 TO 5
54245 PRINT TAB(10) (A-2); ". "; MCAT$(B-6,A)
54250 NEXT A
54255 PRINT :PRINT
54260 PRINT TAB(10) "BOTTOM ENCLOSURE:"
54"' PRINT
!42- !OR A=6 To 7
54275 PRINT TAB(10) (A-5"; CATS$B-6,A,
54280 NEXT A
!42E5 PRINT :PRINT :PRINT :PRINT
!42'' NP 2T " Press 'RETURN' when reidv to cnntinue. ".

A. - ,v%



54295 GOTO 34115
5430.) REM
4-,5 MAINCAT$ = MCA'T$(B,I)

54' 1 RET URN
5=4315 REM
54320 PRINT :PRINT
54725 INPUT " Invalid entry, press ,.RETURN> to try again.", B$
54330 GOTO 54115
5435 REM
54-40 REM
55100 REM ****4************ DISTRIBUTION TYPES *****************************
55105 REM
55110 REM
55115 CLS

.5120 PRINT :FRINT
55125 PRINT TAB(10) "FIXTURE DISTRIBUTION TYPES"
5513c PRINT :PRINT :PRINT
55135 PRINT TAB(20) "TYPE"; TAB(30) "DISTRIBUTION";
55140 PRINT TAB(51) % UP"; TAB(61b 1% DOWN"
55145 PRINT
55150 FOR A=I TO 5
55155 PRINT TAB21) A- TAB:30) DTYPE$(A,I);
5510 RINT TAB(50) DfYFEf(A,2): TAB(61) DTYPE$ A,-)
55tc5 NEXT ,
55170 PRINT :PRINT :PRINT
51,5 RINT TAB(10) "Enter TYPE # ior selection: ";
55130 INPUT . DISTTYP
55185 IF DISTTYP I OR DISTTYP > 5 THEN 55195
55190 RETURN
55195 PRINT
55200 INPUT " Invalid entry, press KRETURN. to try again. ", B$....~ 3Oh 551:557 )5 3CTO EI

5521 . REM
:5215 KIM
57,; (,EM *************4*** iARDCOPY *****************4**4*************
,-IC REM
57 EN
57115 CLS
57120 PRINT :PRINT :PRINT :PRINT :PRINT :PRINT
57125 PRINT TAB(IO);
57130 INPUT "Be sure that your Printer is on, press <RETURN> to continue.", PS
57135 PRINT :PRINT :PRINT :PRINT TAB(02) "PRINTING"
57145 .EM

5 7150 LPRINT TAB(20) 'INTERIOR LIGHTING DESIGN PROGRAM OUTPUT"
5T5 LF'NT
571b0 LPRINT TAB(10) 'BUILDING # "; BLDG$;
C7165 LPRINT TA6(34 "ROOM # "; RGOM$
57170 LPRINT TAB(56) "ITERATION: "; ITERATE
5715 LPRINT :LFRINT
5713) LPRINT TAB(10) "ROOM INFORMATION:"
5715 LPRINT
57190 LPRINT TAB(13) "Use: "; ROOMJE$
57195 LPRINT TAB(45) "FC Required: "; FCLEVEL57200 LPRINT
57205 LFRINT TAB(13) "Length: "- RMLGTH-
57210 LPRINT TAB(45) "Perimeter: "; * ER
57215 LPRINT TAB(13) "Width: "; RMDTH:
57210 LPRINT TAB(45) "Area: RMFAREA
57225 LPRINT
5250 LF' 5INT TAiI "Ceillnq Helqht: ": FTCHGT;
57235 LPRINT TAB(45) "CCR: "; USING "#.##"- TCAVRAT
57240 LPRINT TAB(13) "Fixture Height: "; FTFHGT-
57245 LFRINT TAB(45) "R'R: ": USING "##.##"; RCAVRAT

S' :-s _FF"IT T,:BT -4c. rin9 Hei3ht: "i 7TWSHGT:

Z7')



5 7 255 LPRI NT T A :4 5) 'FCR: ". USING "W0.", FCPIVRAT
6426: LPF INT

S5 PI NT THB i41") '.Color: "'; CL-'OLOF::
57270 LPRINT TAB(41) 'Reflectance: "; CEILREF;
57275 LPRINT TAB (6)) "Eifective: ';EFFCREF

572'80 LPRIIJT TAB1'U) 1h, Color: ";WLC0LOR$;

Y7285 LF'RINT TAB8'4Q) "Reflectance: "; WALLREF
57290 LPRINT TAB(13) 'F. Color: "; FLCOLORII;
572'75 LPRINT 7'Bk40) "Reflectance: ", FLOOREF;
Y-00 LPRINT TAB(60) "Effective: "; EFFFREF
57705 LPRINT
5710 LPRINT TAB (l17) 'Room Condition: ";DIRTCD$;

57-715 LPRINT TAB(45) "Cleanirq Cycle: ";CLCYCLE; "months"

5720 REM
57:2 5 LPRINT :LF'RINT
5770 LPRINT TAB0(0) "LUMINAIRE INFORMATION:
5 ,'.5 , LPRINT
57-40 LFRINT TAB(13) 'Fixture File ~ ;FIXTFILES

57745 LPRINT TAB(fl) 'Fi diure Make: " FIXTMAI.KE$:
,57 -50 LFRINT TAB45t 'Lamp File i I": ;-rMFFTLE
57355 LPRiNT TABQ')) "Fixture Model: "; FIXTMaDEL$;
57:&'0 LPRINT TAB(45) 'Lamp Type: "; LT'{FE$
5,7:65 LPRINT

57:7 LFRINT TA~tl- 'S;MH Ratio: ':STMHRAT,

577 -PRINT TAB;45) "Lamp Quafltitv: LQIJANT
7:30 LFRINT TAP(l:) 'Maintenance ateqorv: ",'; AINCATS;
5705 LPRINT TAB(45) "Initial Lumens: I.; INITLUM
J :90 LPriN I TI I mpl:1) "Distribution Type: "1; D1374h;
57:95 LF PINT TAB(451) "Maintained Lumens: "; MAINTLUM
5'400 LPRINT
'74,55 LPF:INT TAB(I1:i 'Necessarv Values from"
_741>) LPRINT TAB'Ii: "Fixture'' CU Charlt:
C7415 LFPINT TAB(4511 "LLD: ";USING "#.###"; LLD

5420 LF PINT TIBI45) "LDD: ":USING "I.W1"; LDD

24:5 I-PRINT TA8(17) PCR': T'Bi7 "." T;ZIB6 FCFCI':,
57440 IF D2 0 THEN LPRINT T'5B:0) PCR91D2';
57445 LPRINT T4B(45,) "Total LLF: ";USING 4 ###"; LLF
57450 LPRINT TAB(17) "PWR": TAB(17) ":"; TAB118) PWF(CI);
57455 IF C2 0) THEN LPRINT TAB(24) PWR(C&');
5746t0 IF D2 0 THEN LPRINT TAB(:10) PWAR(Cl); ELSE 57470
715 IF C2 THEN LFR IJT TAP (6) FWF C2'

5747: 'PRINT
5747-5 LPRINT TADSUS' "RCR"; TAB(17) -1;
57420 LPRINT TAB(45; "Floor Cavity Factor: ":USING "1 Q1:~ EF
57485 LFRINT TABQD(----
57490 LPRINT TAB(45) "Final CU: ":USING "3 P" INALCU
'17495 LPRINT TAB(12) ARATIO; TAB(17) ":". TAB11,i ACU(1);
575.0 IF C7 0) THEN LPRINT TAB(24) ACU(2:';
Y7505 IF K2 0. THEN LPRINT TAB '.0) ACU(); ELSE 57515
57510 IF C2 .0THEN LPRINT TABC 6) ACU(4);
57515 IF E1=l THEN 57545j
57520 LPRINT TAB(12) BRATIO; TAB(17) ":'; TAB(18) BCU(1i;
57525 IF C2 0 THEN LPRINT TAB(24) BCU(Z):
57530 IF D2 .*0 THEN LPRINT TAB(:0O) BCUZo); ELSE 5754:
c75:5 IF C2 0I THEN LPRINT TAB(3 ) KCU(4)~
5 7540 LPRINT
57545 LPRINT :LPRINT
57550 LPRINT TW110) 'RESULTS: "

=7!E5 LPPTNT 'AB54F5 "Spacing Criteria if,: "; UIj N(3 *. : PC-RIT
5J7560) LPRiNT
57565 LPRINT rAB(17:) "Fi :ture # Required: ";USING "1K1.31: NUMFIX:
57570 LPFRINT TE44') "Initial FC Level: '; IACTFCINIT
_'77 '- ?INT 7451:) "c;tire 4 2aieJ: A CTFI f4LN;



57560 LPRINT TABt45j "Maintained FC !,evel: ; .CTFC^MAIN
CIC95 REMI

c~l;c, GOTO i :Q"':

Z .Q REM

'0.."
.00.RE



2'DIN TM41J$ K :EiM TLO$2 :IFPF;'

.;2 DIM FMUEE$ C :DIM RMUSELE-VEL:&b.
&,4 DIN DJD$~YQTIM LANPDATA'5,I'..JI
.6 DIMI EOURCEE)5.
..) DIM FP' 4) DI;1 -E5 DIM 4CWR'4,

,It DIM FCODE$)'5lt',4) :DIM FIXTOATA'S5,i10.2)
1' DIM ~IO1, 4, 2' : DI M C U2':1).:,
:14 :; CL':'10.4.1; :DIM CU4UO,.2)
'1a DIM DTY(FE$ 51 7
,3 1IM MCATs,.)

-UPCEJil. i:'Incandescent' SOhURCES k 11, INC~
rt4 DOURCEC t 1)-Fluorescent" :EOURCES2-' ="F,
561o SCLFCE$i7. "Mercury Vapor" L ) '"M,
5: 03 OURCS'4 11-"Metal Reusge" :ODUPC E '4, >-''H'
3i1 SCI FEE)k' , 'h-qn ;ressure B:ccum" ROLCrE) s H'-

* 512 EM

52 T FEls ,± Direc t- Inod,,rect" :DT>FE; - '"2 ' 1-
LI- ' 1tC44 :nemi-Direct" :DTt.FE$ '-" 6.ThE.. . i

:4 FEs s, "1 irect" :~PS -- " 7P)~'

5P '' , 1, ='I ' :MCATf,.1>Z"II" M1C47C J ni

MT;1. -"Most" : CAT'12,2=" " ICATI 7.z=!Some"
-~~~ ~ . :. a' :CT5L MC..'TV6 ".east'

-'c e : ': 1C .

BIf CL :FINT :PRINT :PSINT :PRINT :PRINT :FRINT
~TAB 1BP "Please Place your DATA DISR in the 4drive."

F,' T -res FE 7 jN vhe- '-ac. '_

',P EN " I". #1. "A:U4IFDATRI.DAT"
*,IrF 1I- '0 5

1'.45 FCF El TO 1;'t
I f)i5 t) INFUT#1, LCODE)'A,B,l . LC0DES'4,3.2.:
105 *NFUT#1, L"4I1fATAiA,B,lj, LAMFDA'TA(A.E',2. LAMF'Ds4TA.?27

&,6 NEXT A
CO SE #

A'Iv-0 OPEN "1". #1, "A:FiXTDATA.DAT"
1,'rBS FOR A=1 TO5
1691) FOR 5=1 TO I'0
11l"19 INPUTl, FCODEVtA,5.1) FEODE)(AIB.) FCODEVA.B.P, FCODESA41
Il10( INPUTUi, FIXTD-A(R,) IXDrc,
tLt)S NEXT B
111i'0 NEXT A
.i;, L-S 4.
1 12 '.* PEM
11215 ;EN

')ICOFEN" 1"1. 4t. 'AI ELCT.AT"
I13 FOP M1l 0

% %



114" INPUTI, DTMAN$i4), PTCJLOR$4), PTREFL;A)

!*4' NEiXT
1150 CLOSE 41

11. REIM
S57 EM
p VC CPEN "1". 41. "A:AF,8815.INF"
170 FCR A=* TO 76'

1175 TNPUT#1, RMUSE$,A), RMUSELEVEL A)
1196 NEXT 4
1185 CLOSE #1
1) REM

:IQ5 REM
12,": OPEN "I" #1. "A:MAINTCAT.INF"
1205 FOR A=l TO 6
i2) FOR B=1 TO 7
1M15 INPUT#1, MCATI(A,B.

J2(' NE(T B1225 ;Ed( 4
,:7:. CLOSE 41
i. .25 REM
I,') REM-'}) REM *****,*n**fl***** MENU -- CI ********************************l*.*

4105 REM
411) REM
4115 CLS
41> PRINT
4125 PRINT TAB,.) "MENU CV
410 FRINT :PRINT :PRINT
41:5 PRINT TAB: 20: "TYPE": TAB (40) "PROCEDURE"
-4f0 PRINT :FRINT
4145 PRINT TAB(22) "I": TAB(40) "Update Menu"
415: -, RIT
4155 PRINT 7A(-2.' '2"; TAB(40) 'Hardcopy Menu"
4! ,0 )'RINT :-PIN4

-'.... -- ,.' 'C"' "Be4,) " _ETURN Tl MAIN MENU"
'. -NT :PRINT :RI'T

4* :NPUT ' Please enter seiec:eo prcceoure: A, 5
-Io(0 REM
4185 ON B GOTO 5100,6100.4195
41o GOTO 41:0
4195 CLS :PRINT :PRINT :PRINT :PRINT
4200n PRINT TAB(20W 'place your PROGRAM DISK in the 'A' drive."
4'05 PR INT :PrINT
4:1 FRINT TA:2; INPUT "Press ,RETURN. when ready. ", B
4215 FRINT :PRINT :PRINT
4 122'" FRUIT 748C.: "LOADING MENU --
-25 CHAIN "':LIGHTIA",')

42.7.1 REM
42. REM
'_11)* REM .nn.************ MENU -- C2 **********4***4****4**4**********

1 1)5 REM
511) CLS :PPINT
5115 PRINT TAB(35) "MENU -- C2"
512' PRINT TAB(24) "CHANGE I UPDATE INFORMATION DATA"
5125 PRINT :PRINT :PRINT
51-0 PRINT "TYPE" ,"PROCEDURE"
5125 PRINT
5140 PRINT "","Update AFM 88-15 Information"
5145 PRINT
5150' PRINT "2"."Update Color Reflectance Data"

5160 F"INT -,' "Update Fixture Data"
5165 PRINT
5I,* PPINT '4"."Upwate Lamp Data"
5175 F'RINf

r;-, ,,' ,-""-;-",. ' . w-'..
-

v -- , z "- . "-". . .""- -". -. ". - ,--, . "- . v"- . ". - - .- , ._.-e- -_L 4-'_%



5180 PRINT
515 FRINT ,"51v'RETURN TO MENU -- CI"
519) PRINT :PRINT :PRINT :PRINT
5195 :NPUT " Please enter selected procedure. ". B
5200 REM
5205 ON B GOSUB 29100, :100,321i0 :4100,5215
5210 GOTO 5100)
5215 GOTO 4100
5225 REM

6 10 REM **************** MENU -- C' (HARDCOPY) ****************************
6105 REM
6110 REM
6115 CLS
0120 PRINT
s125 PRINT TAB(5, MENU -- C"
n -710 PRINT TAB(:6) "HARDCOPY"
6175 PRINT :PFINT :PRINT
6140 PR INT TAB 20) "TYPE"; TAB)40 "PROCEDURE"
:145 PRINT :PRINT
b150 PRINT TAB,22) "1": TAB(40) "AFP 88-15 FC Leveis"
6155 PRINT
1. . PRINT TAB'22) "2": "(4O'' Color Chart"

5165 PRINT
b170 PRINT TAB 22) "C'; TAB(401 "Fixture Choices"
6175 PRINT
o180 PRINT TAB(22) "4"; TABi40) "Lamp Choices"
i185 PRINT
6190 PRINT TAB(22) "5"; TAB(iO' "Specific CU Tables"
6195 PRINT :PRINT
.1 PRINT TAB(2 ".6"; TAB(40) "RETURN TO MENU -- CV,

o'',5 FRINT :FRINT
6. '0 INPUT " Please enter selected procedure. ", B
* . -%EM

34 : 5'-ISU f41 W~* s". 5!'.51'.:''(

GTO 4100
5EM

4' REM
9100 REM **************** UPDATE AFR 88-15 FC LEVELS **************** **

29105 REM
2911: REM
29115 CLS :PRINT :FRINT :PRINT :PRINT
29120 PRINT TAB(27) 'UFDATA AFR 58-15 FC LEVELS"
29125 PRINT :PRINT
91':', FRINT TAB(15' "This procedure allows fou to change tme AFR $8-15'
2"1'5 PRINT TAB15) "PC ievels currently in memory and on disk."
29140 PRINT :PRINT

d., 29145 PRINT TAB(15) "Enter (1) to continue, or"
-9150 PRINT TAB,15) " C2 tc return to ienu"
29155 INPUT "; B
29160 IF 3=2 THEN RETURN
965 B=1 :D=O

291710 CLS29175 PRIT TAB(15) "ROOM TYPE": TAB(.,) "ROOM USE"; TAB(60) "FC LEVEL"
;Q186 PRINT
_9185 FOR A=B TO (B+11)
29190 PRINT TAB(18) A; TAB(30) RMUSE$(A): TAB(63) RMUSELEVEL(A)
29195 NEXT A
292(p) PRINT
2D 5 PRINT TAB,18, (B I2; TAB,.:, "OTHER"
29210 PRINT :PRINT :PRINT TABd15)
29215 INPUT "To change information, enter TYPE # or (401) to quit. ", PMTYPE
29!20 IF R10TYPE = TI'HEN 29-45

-F2Z iF PMT(FE (B+i AND 'NT,FE B+1) THEN ?-.11

A.',\



'4

.o IF PiT FE 3-HEN -775
Q 2, IF 21R D=T F THEN 4,'2,

72')BI :7= ':OTC, 2917,
4 7 r THEN 7...

2GQ25C0 2=25 1-'2 :GOT,] 20170i

9-55 B=1. :D=') :GTO 2917i

'K965 :'PINT :PRINT :PRINT
;Q27^ PRINT TAB15) "Please enter the rollowing intormation: ";

9275 PRINT "for Room Type 4", RMTYFE
29280 PRINT :PRINT :PRINT TAB)25);
29285 INPUT "Room Use: RMUSE$(RMTYPE)
2929 PRINT
C295 PRINT TAB(25);
YQ-06 INPUT "PC Level Reuirec: ": RMUSELEVEL(RMTYPE)
2V15 PRINT :PRINT :PRINT
S1,. INPUT " Is Evervthina Correct iN) ': B$
_9i5 IF B$="N" OR B$="n" THEN 2oQ-25
'0 -0 GOTO 291o5

5 RINT :PRINT ..-INT 1 '442)
-9.70 INPUT "Please enter correct information, press RETURN. when ready.". P$
29 GOTO 292600%:46'REM
20'45 rLS
.5'i PRINT :PRINT :PRINT :PRINT :PRINT

P rRINT TAB(COb "SAVING NEW INFORMATION"
2o60 OPEN "0". #1, 'A:AFR .INF"
r'65 FOR A=I TO 76
70 WRITE#I, FMUSESA), RMUSELEVEL*A

20'5 NET A
'80 CLOSE #1
IQ ETU RN

PCINT D-INT :F!NT :PRINT
-"FOT In.aiio entr.,, rs ;EPN• -o :r 3a.r'. :t

'Oiw SO GTO 29170
....REM

_49420 REM
'l0O REM *************** JPDATE COLOR CHART *****************************
,0105 REM
0110 REM
';1:5 :LS :PRINT :FRINT :PRINT :PRINT

FRINT ,, A(.. "UF[ATE COLOR CHART"
70125 PRINT :PRINT
-I_ , RNT TAB 17' "This procedure allows You to cnange the cclor'
.t135 PRINT TAB(17) "chart currently in memory and on disl!."
:9140 PRINT :PPINT
.0145 PRINT TAB,17' "Enter (1) to continue, or"
'.1 tRINT TAB(17) " (2) to return to menu."

Y.155 INPUT "; B
.,160 IF B=2 THEN RETURN
30165 8=1
0170 CLS
76175 PRINT
-.0180 PRINT ,"TYPE #", "BRAND", "COLOR", "REFLECTIVITY"
.0185 PRINT
0190 FOR A=B TO (B+14)

301(5 PRINT ,A, PTMAN$(A), PTCOLOR$(A): TAB(60) PTREFLIA)
30200 NEXT A

j""... PRINT :F'PINT D +ff1, 'OTHE'
:021. PRINT
.15 INPUT " To correct data, enter TYPE # or (0) to quit. ". REFTPE
.0220 IF REFTPE=O THEN 70:45
*.75 .. . ;EFT:-E *B-: 4ND -EFT'rFE 3r5 THEN .5,

WS
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30230 IF REFTYPE 31 THEN 30390
70235 IF B:1 THEN B=! ELSE -)245

36;240. GOTO (1'17)
3_.245 B=B+15 : GOTO
Z025) REM
l,5 CLS :PRINT :PRINT
0260 PRINT TAB(19) "Enter the foliowinq information to replace"
30265 PRINT TAB(19) "the reflectance data for TYPE # ": REFTYPE30270 PRINT :PRINT
30275 INPUT " Faint Manufacturer: "; PMAN$
30280 PTMAN$ (REFTYPE) =PMAN$ :PRINT
30295 INPUT Paint Color: : PCOLOR$
302911 PTCOLOR$ (REFTYPE) =PCOLOR$ : PR I NT
302?5 INPUT " Reflectance (no decimal): ": PREFL
30300 PTREFLJREFTYPE) =PREFL
30305 PRINT :PRINT :PRINT
30310 INPUT " Is evervthinq correct (YiN) ": 8$
30315 IF B$="N" OR B$="n" THEN 30325
30.320 GOTO 30165
30325 PRINT :PRINT :FRINT :F'PINT TAb8103:
3,-03'0 INPUT "Please enter correct information, press IRETURNY when ready.", B$
'(17 GOTO .02..
-.0. - REM

45- :FNT :PRINT :PRINT :P'NT :F-SINT
50 PRINT TAB(28) "SAVING NEW INFORMATION"

.... 0 REM
3-36{6 OPEN "0", #1, "A:REFLECTR.DAT"
30:,65 FOR A=1 TO 30
• .6770 WRITE#1, PTMAN$tA&, PTCOLORS'A), PTREFL(A)
;0:E5 NEXT A

01) CLOSE #1
7d5 cTURrl

70 -' PRINT :PRINT
r. INPUT " !nvalid Entr. -,ress :ETIRN' to trv aqamn. ' " sTh400' ',3,T3.':1o 5

A..0, r:EM
30410 REM
3216') REM. *********t***** JEPATE FI)TUPE iLES '***************44.******
32105 REM
32110 REM
32115 CLS :PRINT :PRINT :PRINT :PPINT
•32120 PRINT TAB(30) "UPDATE FIXTUJRE FILES"
-32125... PRINT :PRINT
:2130 P'RINT TABi16) "This procedure allows you to chanqe the ftiture'

..15PINT TAB(16) "tacurrently nmeo' and on AisI,"

321.40 F-INT :PRINT
32145 FR INT TAB(16 "Enter (1) to continue, or"
3215), PRINT TAB(16} " :2) to return to aenu."
32155 INPUT "...; B
32260 IF B=2 THEN RETURN
32:.65 CLS
32170) PR INT :PRINT
32175 P'RINT TAB(30) "UPDATE FIXTURE FILES"
3.2180i PRINT :PRINT :PRINT
32185 PRINT TAB(20) "CHOICE"; TAB(40) "FIXTURE TYPE"
32190 PRINT :PRINT
32195 FOR A=1 TO 5
32200 PRINT TAB(22) A; TAB(40) SOURCE$)A,1); TAB(62) SOURCEI(A,2)
32205b NEXT A
32210 PRINT :PRINT
3.2:15 PINT
32220 PRINT TAB(22) A: TAB(40) "RETURN rO MENU -- C"
32225 PRINT :PRINT :PRINT
..223. INPUT ' Enter CHOICE 4 for fiture selection: ', FT
3...5 iF FT 1 CR ,-T GOTO 30 O'

* . 7:
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.E1

FE =:THEN :7 6)

5FPINT TAE. 121 "uPDATE F>YP-E F1LES: 'Z ELFCEstFTl ;i tures'
_70 PRINT : FFINT
-2"5 :PINT "CHOICE': TAB(121'iE4; T ET M~' A'''OE "
7:'8( PRINIT TAB'51i 'PAINT.": TAB'St) "DIE-T '; ABC4, SM"
7:_5c PR INT T1AB5K ,O "C-ATEGP '' TABk641 "TiFE'

'5 r RA:! TO C0
-0) FRI'NT TABO A: TAB* PCOF,-DEtFT,A,1l;; TAB)?) FCODESFT.A-);,

'7'5C PRINT T JB 77 PCODES FT.:; TAB;',') FCODES'FT,A,4j:
'"' F'RVIT 

T~t -P ITA TA 1FT_. TAP,'' FIATDA1TA'FT7.A.l
7 NE('7 A

PRI Tj :?RINT
--: 'NFUT1 To chanqe ii ;rure data. znter CHOICE c r ''to quizT:

~~~1 F F ) 2

* ~:C' )'T C
Nb T~ T'B - "UPDATE PFzTRE F-ILES-: ": SCURC2SiFT,1:

7a. P 1NT " Enter the fcl cwinq data:"
"5PPIN T *:;CrJT :4 INT

NFLT r i re Naie: :FCCD5TC

N. !P T P1 7tre mocel: : CODE'FT.FL,7)

o~ "R~zrei5 atio: ': F! IiTDAFTr.'

z :: ?F:NT :F0I7
24: PINT T46,2',9 "Update Fi:xture Files: '; SLRCESkFTI;: 'F:::tures"

45FRINT : PRi1NT:
'44C PRINT TAP p.)) 'You have crosen:
_'445 PRINT

11 ' E ';:I -- r 'a --_4 -'R~ TZ3 , : - ai::TB5 CETr-

PR 4INT T "F: 'F ture Model:" TAE 155) FCODES$kFT, FrC,
_%,_5 'PPINT
_47 PR INPT TAB7 "Fi,:ture s amtnac Cateqarv:": TAb55i'j FCODE$FT.FC.4'
7:5. PRINT
_49u PRI NT T AE)P "Fi. ture's D,,strihution Type-"; TABiSS) FUYTDATA'FT,FC,?'

-43C PR IN T
,4?1- PR INT TAB)>(:) "Fi ture s 3 MH Ratio: "; TAM(5) FIxTDATAPT,FC.li

'2495 PRINT :PRIN.1T
-. W500 INPUT " is everything correct WYN) P:

E2505 IF S"R 2$= W " Sr" COTO .2555
:ioPRINT
:::INPUT ' Now enter CU chart v'alues, press 'RETURN> Z4en reacy. D. $
1'S5IF rTl1 THEN GOSUB %'16

,3570 IF FT=2 THEN GOSUB 76100
55IF FT=: THEN GOSUB 711(

I5 IF FT=' THEN 6OSU' :7106
"'5 OTO :22

I 'I

SI.

%1%

%p



25fo5 GOTO 72:50
X REM

RIM-: CL9

:S585 PRINT :FRINT :PRINT :FRINT :FPINT :PRINT
-5%, PRINT TAB 74. "SAVING DATA"
.25Q5 REM
.2600 IF FT=1 THEN 52625
'265 IF FT=2 THEN 2680
2di0 IF FT=3 THEN 3282.
.2615 IF FT=4 THEN 32875
32620 ;F FT=5 THEN 329,0

I.2o2[ IF FC=1 THEN OPEN "0", #1. "A:INCUI.DAT"
726'0 T FC=2 THEN OPEN "0. #1, "A:INCU2.DAT"
-26-5 IF FC=. THEN OPEN "0", #1. "A:INCU.DAT"
:2640 IF FC=4 THEN OPEN "0", #1, "A:INCU4.DAT"
-2.45 IF F-= THEN OPEN '0". 41, "A:INCUS.DAT
726'c IF =.P THEN OPEN "0", #1. "A:INCU6.DAT"
_2655 :F FC=7 THEN OPEN "0". #1, "A:INCU7.DAT'
T26C0 I- FC=8 THEN OPEN1 "0", 41, "A:INCU8.DAT"
'2665 IF FC= THEN OPEN "0", #1, "A: INCU9. DAT"
7267 IF FC=10 THEN OPEN "0' #1, "A:INCUIO.DAT"

'-OTO 7"'6 i FC THEN OPEN "0'. #1. "A:FLCUi.DAT"
__685 IF FC=2 THEN OPEN "0". #1, "A:FLCU2.DAT"
72630 IF FC= THEN OPEN "0", #1, "A:FLCU-.DAT"
%.,.Q . IF FC=4 THEN OFEN "0", #1, "A:FLCU4.DAT"

_'T-. IF Ffl 5 THEN OFEN "0', #1, 'A:FLCU5.DAT"
71i5 IF .C=5 THEN OPEN "0", #1, "A:FLCU6.DAT"
.20 IF FC=7 THEN OPEN "0", #1. "A:FLCU7.DAT"
. IF FC=8 THEN OPEN "0", #1, "A:FLCUB.DAT"
D)I F FC= THEN OPEN "0", #1, "A:FLCU9.DAT"

2 F F-C=j THEN OPEN "0", #1, "A:FLCUI0.DAT"
-EM
F OR 7= To 2

: O75 N T60.%2750 'FRITE#1, C1UI(B,'c,D)

7. i NEXT B

.,A, NEXT D
'. FOP D=1 TO 2
7"75 OR C=1 TO 3
,B2760 FOR B=I TO 10
335 WRITE#1, CU2(B,C,D
.'90 NEXT B

'795 NEXT C
12.0' NEXT 0
2805 CLOSE #J

.81 30TO .2165
72215 REM
7..920 IF FC=I THEN OPEN "0", #1, "A:MVCU1.DAT"
,2825 IF F2 THEN OPEN "0", #1, "A:MVCU2.DAT"
32830 IF FC=3 THEN OPEN "0", #1, "A:MVCU..DAT"
,2835 IF FC=4 THEN OPEN "0", #1, "A:MVCU4.DAT"
32840 IF FC=5 THEN OPEN "0", 01, "A:MVCU5.DAT"
.2845 IF FC=6 THEN OPEN "0", #1, "A:MVCU6.DAT"
'2850 IF FC=7 THEN OFEN "0", #1, "A:MVCU7.DAT"
32855 IF FC=8 THEN OPEN "0", #1, "A:MVCU8.DAT"72960 IF FC=9 THEN OPEN "0", #I, "A:MVCU9.DAT"
;2-5 :F 7C=!:: TENi OPEN "', 4, 'A:MVCUIO.DAT"
..2 7( GOTO :29B532875 IF FC=I THEN OPEN "0", #1, "A:MHCUI.DAT"
... IF FC2 THEN OPEN "0", #1, "A:MHCU2.DAT"

.2135 IF THE. :FEN "0", #1, 'A:MHCU'J.,7AT"



20 IF FC=4 THEN OF"E N "0", 41, " H: MHCU4. DA T"
Sc: "F PC -,THEN OIFEN "0", ,  ....HI'.......aQ2)0 IP -C=6 THEN OPEN "D 1, "A:MHCU6.DAT"

T% 'F P2=4 THEN OPEN "0", 41, "A:MHCU7.DAT"
.'Z I I: FC=E THEN OPEN "0", #, :'A:MHCU8.DAT"

.2J iF FC=- THEN OPEN "0", #1, "A:MHCU6.DAT"
* IF FC=EO THEN OPEN "0", #1, "A:MHCUI.DAT"

7292 GOT -o,
29l0 iF FC= THEN OPEN "0", #1, "A:HPCUI.DAT"

-975',. IF FC=2 THEN OPEN "0", #1, "A:HPCU2.DAT"294) IF FC=3 THEN OPEN "0", #1, "A:HPCUI.DAT"
,2 45 IF FC=4 THEN OPEN "0", #1, 'A:HPCU4.DAT"
"50 IF FC=5 THEN OPEN "0", #C, "A:HPCU2.DAT"
u55 IF FC=3 THEN OPEN "0", #1, "A:HPCU6.DAT"

.460 IF FC=4 THEN OPEN "0", #1, "A:HPCU7.DAT"
72Q65 IF PC=8 THEN OPEN "0", #1. "A:HPCU8.DAT"
7r90 IF F" THEN OPEN "0', 41, "A:HPCU6.DAT""6 F C T E OE "" :1 HA1PCU lu DAT

;:6 IF FC=IS THEN OPEN "0", 4. "A:HPCU.DAT"

_8i REM
'r35 FOR C=I TO4
:900 FOR B=I TO 10

f.'"_ '4RITE#l, CU3(B,C, h.,
. "t NE.(T B

,NOET C
j.0' FOR D=1 TO 2

T7"15 FOR C=1 TO3
7-026 FOR 8=1 TO lo
77-'25 WRITE#1, CU4(B,C,D)

0 NEXT B
.-0.7.5 NEXT C
.0 40 NEXT D

-_.04C5 REM
7Z;050 CLOSE #1
.,.*t55 GOTC 3226

'9' -RINT DRYNT
, 4PJ ;n~'a:o entr';, ;ress ETLt,:: "to sa~n. '. :

7707( GOTO :i
0'5 REM
080 OPEN "0", #1, "A:FiXTDATA.DAT"

..-.185 FOR A=! TO S
1,090 FOR B=I TO 10
tJ'95 WR!TE#i, FCODE$(AB,), FCODE$(A,B,2.) FCODE$(A,B,Q), FCODE$(AB,41
.7100 WRITER!. FIXTDATA(AB,1), FIXTDATA(A,B,2.
I1f NEXT B
I10' NEXT A

71I CLDSE #1
.'7E120 REM

;1-5 RETURN
7;. 1 '0 FEM

-411" REM U************4** UPDATE LAMP FILES **********#*****4.***
74105 REM
4110 REM
_,415 CLS :PRINT :FPINT :PRINT :PRINT
4120 PRINT TAB(3I) "UPDATE LAMP FILES"
.4125 PRINT :PRINT'4170 PRINT TAB(18) "This procedure allows you to change the lamp"
34135 PRINT TAB(18) "data currently in memory and on disK."
3414) PRINT :PRINT
34145 PRINT TAB(18) "Enter (1) to continue, or"
4,) FPI.NT TAB'13 2. to ,eturr. to reru.

34155 INPUT " .;
4!61 IF B=2 THEN RETUFN
.4S CLS

4 i 7..,F,,N Ri,
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: '-NT TAB(-2) "UPDATE LAMP FILES"
.41& 1 PRINT :FRINT :PRINT
3413 PRINT TAB2,')} "CHOICE"; TABi4':. "LAMP TfPE"

4 '0 PRINT :PRINT
4!95 :OR A=1 TO 5
34"0 PRINT TA.22) A, TAB(40) SOURCE$'A,I); TAB(62; SOURCE$(A,2)
4205 NEXT A
74210 PRINT :PRINT
.4M' PRINT TAB(C2 A. TAB(40) "STORE DATA CHANGES"
'410 PRINT
,42 5 PRINT TAB,,22) A+I; TAB(40) "RETURN TO MENU -- C2'
34270 PRINT :PRINT :PRINT
3..4235 INPUT " Enter CHOICE # for lamp selection: ", LT
'4240 IF LT I OR LT ' GOTO 3452
-42,45 IF LT = 6 GOTO :4460
74250 IF LT 7 THEN RETURN
74255 REM
.,4a) REM
74265 CLS

RI. RNT TAB,21 "UPDATE LAMP FILES: : SOURCE$VLT..; "Lamps"
4275 PRINT :PRINT

:4290 PRINT TAB(8) "CHOICE": TAB(19) "FILE #"; TAB(.I) "CODE";
:A285 PRINT TAB(47) "WATT':"; TAB,55) "INITAL". T.. 8i "MINT.'
-?-(1 FINT TAHB',5 '155 ENS":_ TABE, LUMENS"
2 ; 5 PRINT

:4:0: F'JR l' TS I0
74:05 'RINT TAB (10) A; TAB(19) LCODE$(LT,A,I); TAB(70) LCODE$kLTA,2'):
74310 PRINT TABi4-) LAMPDATA(LT,A,1): TA(55) LAMPDATA(LTA,2);
:4.'15 PFINT TAB;68) LAMPDATA(LT,A, )
34.-'0 NEXT A
4T25 PRINT :PRINT

INPUT " To change lamp data, enter CHOICE c cr ' :o ;uat:
'475 IF LC = 0 GOTO 34165

., LC R L f GOTO -4520
..45 'EM

""" PR91 NT :PPINT
.47,65 PRINT TAB21) "Update Lamp Files: "; SOURCE$(LT,1; ' Lamps"
34.37 PRINT :PRINT
34375 INPUT " Enter Lamp Code: "; LCODE$(LT,LC.2)
:4,80 PRINT
:4:85 INPUT " Enter Lamp Watts: ": LAMPDATAkLT,LC,1)
,4396 PRINT
:4395 INPUT " Enter Lamp's Initial Lumens: "; LAMPDATA(LT,LC,2)
'4400 PRINT
34405 INPUT " Enter Lamp's Maintained Lumens: "; LAMPDATAkLT,LC,..)
34410 PRINT :PRINT
34415 INPUT " Is everything correct (Y/N) "; B$
.4421) IF B$I"N" OR B$:"n" GOTO 344.5
34425 IF LAMPDATA(LT,LC,2) LAMPDATAkLT,LC,:3 THEN 74575
4430 GOTO 4265
:447:.5 PRINT
34446 INPUT ' Please re-enter data, press 'RETURN. when ready. ", 8$
:4445 GOTO 34:55
:4450 REM I34455 F'EM"4460 CLS i

"4465 PRINT :PRINT :PRINT :PRINT :PRINT
34470 PRINT TAB(34) "SAVING DATA'
.447c OPEN '0" 41 "A:LA1MPDATA.DAT"
:4480 FOR A=1 TO J
:4485 FOR B=1 TO 10
,44Q0 WRITE#,,, LCODE$ A.B,1 , LMODE$A,B,:

MIPLAT~k 41l"

e W, or r% %
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4500 NEXT B
450,. NEXT A

74510 CLOSE #1
'4515 JOTO 41a5
.4520 PRINT :PRINT
,4525 INPUT " Invalid entry, press :RETURN. to try again. ", B$

%4530 GOTO '4165
74535 PRINT :PRINT
j4540 PRINT "  Initial lumens must be greater than maintained lumens."
34545 PRINT
34550 INPUT Please re-enter data, press RETUN> when ready. ", B$
34555 GOTO 34355
74560 REM
34565 REM:6100 REM CU CHART INPUT ***********************************

6105 REM FOR INCANDESCENT AND FLUORESCENT FIXTURES: 6110 REM
)6115 REM

30125 PRINT :PRINT :PRINT :PRINT :PRINT
.7,61 0 PRINT TABf8);
:61:75 PRINT "You will be given reilectance values for the floor, the ceilin,"
614C0 PRINT TAB(Sf:

3145 F'I!JT "nd t"e wall. Enter the aporopriate CU ,alue that :orrespcnds"
p6150 PRINT TAB(8);
-6155 PRINT "to these values and to 'he RCR ,alue that is shown (no decimai,."
36156 PRINT TAB(S);
3.157 PRINT "If the CU value is not 1nown, either enter '0' or do manual'
36158 PRINT TAB(B);
36159 PRINT "extrapolation and enter value."
36!60 PRINT :PRINT
.A NPUT Press RETURN; when ready. ', 2$
'6170 REM
-.0175 FOR =1 Tn 2
!30 CiR 2=1 TO I

7oi PRINT TAB(CS: "Floor Re;lectancs = : .FR...
6195 PRINT T "Ceiling Reflectance = J; WCR-C);
6200 PRINT TAB(25) "Wail Reflectance = "; CWR(B): ""
,6205 PRINT :PRINT :PRINT
V76210 PRINT TAB(20) "For RCR of: "; TAB(40) "Enter CU value:"
.6115 PRINT
5220 7OR A = I T0 10
62 2 FR5INT TAB 24) A; TAB!46)

.76270 INPUT CUI (AB,C)
--075 N EXT A
'.40 PRINT :PRINT
.6245 INPUT " Is everything OK so far (YN) "; B$
6250 IF B$="N" OR B$="n" THEN :6600
:6255 NEXT B
36260 NEXT C
:6265 REM
:6270 FOR C=I TO 2
;,'75 FOR B=1 TO 3
:6280 CLS

B6285 PRINT TAB(25) "Floor Reflectance = "; CFR(2) ,
36290 PRINT TAB(25) "Ceiling Reflectance = ;CCR(+.): "'"
36295 PRINT TAB(25) "Wall Reflectance = "; CWR(B+I); "X"
363() PRINT :PRINT :PRINT
3305 PRINT TAB(20) "For RCR of: ": TAB(40) "Enter CU value:"
:6310 PRINT
36315 FOR A = I TO 10
3632f) PRINT TAB(24) A: TAB(461 "";
T6.7Z5 INPUT CU2(A,B,C;

,'4. *i j,



65.5 PRINT :PRINT
76'40 INPUT ' is evervvhinq O. So iar 11N) '1, 9q$
:6:745 IF B$="N" LIR BP="n" THEN :662)0
40.,3. NEXT B
.6,55 NIET C

,'63-60 REM

'.65 CLS
-6 71 PRINT TAB(15);
7675 PRINT "Here is your CU chart for Fixture File # ": FCODE$(FT,FC, I
'6380 PRINT
*6.85 PRINT "FIXTURE MAKE: ", FCODE$(FT,FC,2);
76390 PRINT TAB(45) "FIXTURE MODEL: "; FCODE$(FT,FCQ)
'63% PRINT :PRINT
46400 PRINT TAB(5) "CFR": TAB(46) CFR(2)
6405 PRINT TABi5 . "CCR": TAB(18) CCR(1); TAB(C7, CCR(2);
.6410 PRINT TAB 541 7CR(5); TAB(69) CCR(4)
76415 REM
'642 PRINT TAB(S) "CWR";
7425 FINT TB(,, CWR(l): CWR(2': CWR(3); CWR(4";
].4.10 PRINT TABC17I) CWR I * ; CWR (2); CWR (); CWR(4'1f
36435 FRINT TA(50, CWR(2); CWR(3); CWR4);
3644u PRINT TAB(65) CWR(2n CWR(4); CWR(4)
76445 PRINT

4i 5 REM
36455 PRINT TAB(5) "RCR"
b546U REM
64t5 FOR A=l TO 10
3b470 PRINT TAB 5) A;
. 5 PRINT TAB(12) -":

56480 FOR B=1 TO 4
,oc5 PRINT CUI(A.B,I);
36490 NEXT 9
.t495 PRINT TAB(31)
,650o FOR B=1 TO 4

76505 PRINT 211 !.8. 2:
o5!;,j 1E.(T 3

'6515 PRINT TAB(50.
'6520 FOR B=1 TO '
:6525 PRINT CU2(A,B, 1);
365Zd) NEXT B
36535 PRINT TAB(65) "";
3640 FOR B=1 TO 2
'6545 PRINT CU2(A,B,2):
36j NEXT 9
36555 PRINT CU2(A,3,2)
36560 NEXT A
36565 PRINT
36570 INPUT "Is everything correct (YIN) "; B$
36575 IF B$"N" OR B-"n" THEN 36585
3,6580 RETURN
376585 PRINT "Please re-enter all CU data for this fi'ture, ";
36590 INPUT "press <RETURN, when ready. ", B$
36595 GOTO 36120
'6600 REM
.6o05 PRINT
36010 INPUT " Please re-enter data, press ,RETURN) when ready. ", B$
36615 GOTO 36165
'6620 REM
36625 PRINT
36630 INPUT " Please re-enter data, press (RETURN> when ready. ', B$
.66S75 SOTO :628!)
37100 REM *..n********** CU CHART INPUT ****** ************************
37105 REM FOR MERCURY VAPOR, METAL HALIDE & HPS FIXTURES
3711) REM
:7115 REI

I



14- PRINT :PRINT :PRINT :PRINT :PRINT
4'-.0 PFFINT TAB(.1;
, PRINT "iou will be qiven reflectance values for the floor, the ceiling,'
146 PRINT TAB");

;.. 145 PRINT "and the wall. Enter the appropriate CU value that corresponds"
37150 PRINT TAB(8);
37155 PRINT "to these values, and to the RCR /alue that is shown (no decimal)."
37156 PRINT TAB(8);
37157 PRINT "If the CU value is not known, either enter '0' or do manual"
37158 PRINT TAB(8);
37159 PRINT "extrapolation and enter value."
37160 PRINT :PRINT
37165 INPUT " Press RETURN, when ready. ", S$
.170 REM

:7175 FOR B-I TO 4
130 CLS

..7185 PRINT TAB(25) "Floor Reflectance ": CFR2):
3,190 PRINT TAB(25) "Ceilinq Reflectance ": CCR(l);-195 PRINT TAB(25) "Wall Reflectance "; CWR(B); '""

$7200 PRINT :PRINT :PRINT
S".,5 PRINT TAB(20) "For RCR of: I: TAB(40) "Enter CU value:"
;.m(. PRINT
2 FOP A = I TO 10

..720 PRINT TAB(24) A; TAB(46) "".

i/225 TNPUT CU3(A,B,1i
:,,o NEXT A
72.. PRINT :PRINT
7 40 INPUT " Is evervthinq OK so far Y/N) ": B$
,245 IF B$="N" OR B$="n" THEN37575
.. '50 NEXT B

37255 REM
37260 D=2_726Z FOR '=1 TO 2
7-C) FOR D=1 Tn

77230. PRINT TAB(25) "Floor Reflectance = "; CFR'2):
37285 PRINT TAB(25) "Ceiling Reflectance =" CCR(C+D):,
37290 PRINT TAB(2) "Wall Reflectance ="; CWR(B+l); '%"

'7295 PRINT :PRINT :PRINT
7 .77700 PRINT TAB(20) "For RCR of: "; TAB(40) "Enter CU value:"

.77305 PRINT
1 FOR A = I TO I01-15 PRINT TAB(24) A; TABi46 .

7720 INPUT CU4(A,B,C,
, NEXT A
77.0 PRINT :PRINT
-5 INPUT " Is everything OK so far (Y/N) ": B$

17-40 IF B"N" OR B$-"n" THEN 37595
3345 NEXT B
37350 D=3
37355 NEXT C
37-60 REM
77365 CLS
; 77 PRINT TAB(15);
737.5 P)RINT "Here is your CU chart for Fixture File # "; FCODE$(FTFC,I)

37380 PRINT
37385 PRINT "FIXTURE MAKE: "; FCODE$(FT,FC,2);
390 PRINT TAB(45) "FIXTURE MODEL: "; FCODE$(FT,FC,31
37395 PRINT :PRINT

7406 RIIT TAB(10 "'CFR"; TAB36) CFR 2)
,7405 PRINT TAB(l0) "CCR": TAB(26) CCR(1); TAB(44) CCR(.,);
37410 PRINT TAB(60) CCR(5)
3741, REM
i742' FRPWT TAB ( i "CWR";

i. 4 4
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7425 PRINT TAB(2A) CWRI1.1: CWRt2,: CWRt.:): CWR(4);
,470 FRINT TAB(40 CWR2 CWR,3j: CWR4'::7435 PRINT TAB.56' CWP(2); CWR('4' cWR;41
:,74 F'INT
7443, "-EM
75.) PRINT TAB n10 "RCR"
:7455 REM:7460 FOR A=1 TO I0;'465 PRINT TAB(10) A;
:7470 PRINT TAB(20) "';37475 FOR B=1 TO 4
:7480 PRINT CI3(AB,I) ;
'7485 NEXT B
74% PRINT TAB(40) ""
:7495 FOR B= To 
.75-c0 PRINT CU4(AB,1);
-7505 NEXT B
7 J10 PRINT TAB(56) ...
-.7515 FOR B=1 TO 2
7520 PRINT CU4(A,B,2);
355 NEXT B
.5 0 PRINT CU4A,-.2)

:5.5 1NEXTA
7 ( PP!NT
37545 INPUT "Is evervthinq correct ,I/N) ": P$
'7550 IF B$="N" OR Bt="n"THEN .
:7555 RETURN
:7560 PRINT "Please re-enter all CU data for this fh"ture,
t7565 INPUT "press <RETURN*. when ready. ", B$
7C570 GOTO -7120
77 REM
250 PRINT

• ,55 INPUT " Please re-enter iata, press RETURN wten reaoy. ', 3$
77'9, GOTO :7IS0

.PUT " :eae "e-enter data, -)ress RETURN 4ren ,'eaj. , $
7616 SOTO 7725
5011K) REM *********** MAINTENANCE CATEGORIES ****************** t*.*
50105 REM
50110 REM
50115 CLS
5jl2) PRINT :PRINT

. FRINT TABi.::) "MAINTENANCE CATEGOR:E3
50130 PRINT :PRINT :PRINT
5017-5 PRINT TABEIi "1CHOICE": TA? 5) "EYAMPLE ; TABd-O)1 "MAINTENANCE":
50140 PRINT TAB(60) "AMOUNT OF"
5014' PRINT TAB(42' "CATEGORY"; TAB ( ) "WORK"
5o150 PRINT
50155 FOR A=1 TO 6
50160 PRINT TAB(11) A; TAB(27) (A+61; TAB(45) MCAT$(A,I TAB,6:) MCAT$VA,23
50165 NEXT A
50170 PRINT :PRINT :PRINT
50175 PRINT "  Enter CHOICE # for selection, or"
50180 INPUT " EXAMPLE # for explaination: ". B
50185 IF B I 1 OR B , 12 THEN 50320
50190 IF B 7 GOTO 507:05
50195 REM
50200 CLS
50205 PRINT :PRINT

1RI N 'iT ,,',2; , 'MAINT7NANCE CATEGORY E MPLE'
51215 PRINT
5(L20 PRINT TAB(3) "CATEGORY ": MCAT$(B-6,1)

5..2. PRINT :FRINT
_:.. FRIT Ii 'TOF _NCLU')RE:



= J._ PRINT
S01. -R A--= TO 5
56245 PRINT TAB;101, (A-2j . " MCATS-B-j,A
50255 NEXT A
"-255 PRINT :PRINT
v,24- PRINT TAB(10) "BOTTOM ENCLOSURE:'
50?65 PRINT
50470 FOR A6 TO
50475 PRINT TAB(10) (A-5); ". MCAT;(B-6,A)
50280 NEXT A
5"0'8. PRINT :PRINT :PRINT :PRINT
502? INPUT " Press ::RETURN' when ready to continue. , B$
50295 GOTO 50115
50j 300 REM
50305 FCODE$(FTFC,4) = MCATiB,1I
50s10 RETURN
5'C15 REM
5,.,0 PRINT :PRINT
50.45 INPUT " Invalid entr,, press RETURN. to tr, aqa:n. ". E$

, OTO 5)"115
:0'""7 REM
5<',40 REM
5,' ( EM *.+**********+++ DISTRIBUTION TiPES ****************************
:! 1"0 PEI
51110 REM.,, 11 LS
511i2 PRINT :PRINT
51125 PRINT TAB(-O) "FIXTURE DISTRIBUTION TYPES"
11 FRINT :PRINT :FRINT

51175 PRINT TAB(20, "TYPE", TAB(0). "DISTRIBUTION":
51'40 FRINT TAB(5)l ") UP": TAB-61 "! DOWN"
11 4 'RINT
51150 2FO A:I TO J.... FNT TBY1 : TB,:: T ESA,';,:
1 DT P; 2 -4ol.

IN' - ;'ETT "H

'i 7(, FRINT :PRINT :PRINT
511-5 iNPUT ' Enter TY'E 4 ior selection: ", FIXTDATAiFTFC.L
51180 IF FIXTDATA(FT,FC,2. I OR FIXTDATA(FT,FC,2) .1 THEN 511(0'
51185 RETURN
5119() PRINT
51195 INPUT " Invalid entry, press .RETURN to try aqain. ", B$
51200 GOTO 51115
51205 FEM
51210 REM
51100 REM **+********* .* HARDCOPY AFR 88-15 INFO ***********************
54105 REM
54110 REM
54115 CLS
5412 PRINT TAB(2,) "HARDCOPY -- AFR 28-15 FC LEVELS"
54125 PRINT :PRINT
54130 PRINT TAB(20) "This procedure will send the AFR 88-15"
54175 PRINT TAB(20) "information on FC level requirements
54140 PRINT TAB(20) "stored in memory to the printer."
54145 PRINT :PRINT
54150 PRINT TAB(20) "Enter AI) to continue,
54155 PRINT TAB(-0) (2) to return to Hardcopy Menu"
54160 PRINT TAB(20) :INPUT ";
54165 IF B=1 THEN 54180
5417: IF E=2 THEN RETURN

54180 PRINT :PRINT TAB(12);
54185 INPUT "Be sure your Printer is on, press "RETURN., when ready.", B$
5410 PRINT :FRINT

47A.RINTIO ,'GT
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5 4 2N) REM
'342'. LPRINT :LPRINT
'34210 LPRINT TAB(28) "AFR 88-15 FC REQUIREMENTS"
_421 LPRINT :LPRINT
'4220 LPRINT TAB(15) "ROOM TYPE": TAB(0O) "ROOM USE"; TB5.3' "FC LEVEL"

54225 LPRINT
542.30 FOR A=I TO 36
54235 LPRINT TAB(IB) A; TAB(30) RMUSE$(A); TAB(58) RMUSELEVEL A)
54240 NEXT A
54245 PRINT :PRINT :PRINT TAB(12);
54250 INPUT "Do you want another copy (Y/N) "; 5$
54255 IF B$="N" OR B$="n" THEN RETURN
54260 CLS
54265 PRINT :PRINT :PRINT :PRINT
5,427 7 GOTO 54180
55100 REM ****************** HARDCOPY COLOR CHART **************************
55 15 REM
j'511 REM
•51l5 CLS
5120 PRINT TA8,28, "HARDCOPY -- COLOR CHART"
55125 PRINT :PRINT :PRINT
5130 PRINT TAB(20) "This procedure will send the color chart"

55135 PRINT TAB(20) "that is stored in memory to the printer."
535146 PRINT :PRINT :FRINT
55145 PRINT TAB(20) "Enter '11 to continue,
535150 PRINT TAB(20) " (2) to return to Hardcopy Menu"
55155 PRINT TAB(20) :INPUT ". "; B
3516t IF B=I THEN 55175
55165 IF 5-2 THEN RETURN
'35170 GOTO 55115
55175 PR!NT :PRINT TAB(12);

v510 INPUT "Be sure your Printer is on, press RETURN when ready.". E$
55185 PRINT :PRINT
551-0 PRINT T4B(72) "PRINTING"
55195 REM
-5 .:;: K FRINT LFR[INT
55205 LPRINT TAB(28) "COLOR CHART INFORMATION"
35210 LPRINT :LPRINT
55215 LFRINT TAB(0) "TYPE #"; TAB(27) "BRAND"; TAB(38) "COLOR":
55220 LPRINT TAB(57) "REFLECTIVITY"
5525 LPRINT

552-0 FOR A=I TO 30
5:35 LPRINT TAB(12) A; TAB(,.) PTMAN$(A); TAB(.8) PTCOLOR$(A:

4o LPRINT TAB(60) PTREFLtA)
_ 40 NEXT A-55HO PRINT :PRINT :PRINT TAB(12);

55255 INF'UT "Do you want another c y (Y/N) " B$55260 IF 85"N" OR B$="n" THEN RETURN5'5265 CLS

55270 PRINT :PRINT :PRINT :PRINT
'5275 GOTO 55175
57100 REM ***************** HARDCOPY FIXTURE CHOICES *
57105 REM
57110 REM
57115 CLS
57120 PRINT TAB(26) "HARDCOPY -- FIXTURE CHOICES"
57125 PRINT :PRINT :PRINT
57130 PRINT TAB(16) "This procedure will send a list of the fixture"
57135 PRINT TAB(16) "choices that are stored in memory to the printer."
57140 PRINT :PRINT :PRINT
57145 PRINT TAB(16' "Enter .:1) to continue,
57150 PRINT TAB(16) " (2) to return to Hardcopy Menu"
57155 PRINT TAB(16) :INPUT ". "; B
'716) IF ?=I THEN 57175
',75 1F B: TE RETUR/N

4. 4
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75--i GOTO 57115
f571 -5 _'PINT :PRINT TAB(12');
5lE0 INPUT "Be sure vour Frinter -s on, press RETURN> when ready,. '. 5S

571 5 PRINT :PRINT
57C9; PRINT TAB(2 "PRINTING"
57!Q5 REM
5200 LPRINT TAB(2B) "FIXTURE CHOICES"
57205 LPRINT :LPRiNT
57210 FOR 4=1 TO 5
=7215 LPRINT TAB(89 SOURCE$(A.1) " Fixtures"
5 7:0 LPRINT
57225 LPRINT TAB() "FILE #": TAB(18) "MAKE";
57230 LPRINT TAB(31) "MODEL #"- TAB(451 "MAINT.";

735 LPRINT TAB(58) "DIST."; TAB(68) "S/MH"
C-'40 LPRINT TAB(44) "CATEGORY"; TAB58) "TYPE"
5745 LFINT572c" RR B=I TO 10
5,;255 LPRINT ' A,8) FCODE$(A,B,fl; TAB(18) FCODE$A,B.2):j
57160 LPRINT TAB(-1) FCODE$(A,.,3): TAB(47) FCODE$(A.B,4);
57 5 LPRINT TAB(59 FIXTDATAim',B.21; TAB(68) FI.(TDATA(A,B,L'
5'270 NEXT B
57'7: LPRINT :LPRINT :LPRINT
5280 IF A 3 THEN 57295_H5 LPRINT :LPRINT :LPRINT :LPRINT
52',) LPR!N" :LPRINT :LPRINT :LPRINT
525 NEXT A
57)0) PRINT :PRINT :PRINT TAB(12):
,7105 INPUT "Do you want another copy Y/N) "; B$
5 10 IF B$="N" 6R B$="n" THEN RETURN
57:15 CLS
j. 2' PRINT :PRINT :PRINT :PRINT
57725 GOTO 57175
58100 REM ****************** HARDCOPY LAMP CHOICES ****************************
81,., REM

58 105 EM
:1 t -1L-

,312. PRINT TAB(28) "HARDCOPY -- LAMP CHOICES"
.8125 PRINT :PRINT :PRINT
58130 PRINT TAB(16, "This procedure will Bend a list of the lamp"
58115 PRINT TABr16) "Choices that are stored in memory to the printer."
58140 PRINT :PRINT :PRINT
58145 PRINT TABU16 "Enter (1) to continue.
!8150 PRINT TAB'16) " , to, return to Hardcopy Menu"
58155 PRINT TAB(16) :INPUT ". '. ;
5810 IF B=I THEN 52175
58165 IF B=2 THEN RETURN
58170 GOTO 5J115
58175 PRINT iPRINT TAB(12):
5E180 INPUT "Be sure your Printer is on. press %RETURN. when ready.", F$
58185 PRINT :PRINT
58190 PRINT TAB(32) "PRINTING"
52iT REM
58200 LPRINT TAB(34) "LAMP CHOICES"
58205 LPRINT :LPRINT
58210 FOR A=I TO 5
58215 LPRINT TAB(8) SOURCE$(A,I); "Lamps"
5820 LPRINT
58225 LPRINT TAB(12) "FILE "; TAB(22) "CODE";
58230 LPRINT TAB(37) "WATTS"; TAB(48) "INITIAL"; TAB(61) "MAINT."
58275 LPRINT TAB(48) "LUMENS"; TAB(61) "LUMENS"
5!340 LFRINT
58245 FOR B=I TO I)
58,50 LPRINT TAB(12) LCODE$(A,B,Ib; TAB(22) LCODE$(A.B,2);
52255 LPPINT TAB771) LAMPDATA A,B,I;; TAB(49) LAMPDATA(A,B,2);320LF':1I'T T7, LF-TAA,,
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fcc5 o JEXT 3
52-71 LFPINT :LF PINT :LFFINT
58-7 I A -5 THEN 32 0
ca- 3,* L'RiN :LFNT NT :L'RINT :LPRINT

, 2 R R N LPNT : :FITT :LPPINT
e;'0 fE)T A
5:21- 5 PRINT ;PRINT :PRINT TAE12);
5-80 "INPIJT "Do you want another copv cfN "; E$
58--05 IF q$="N" DR B$="n" THEN RETURN
58710 CLS
c3115 PRINT :PRINT :PRINT :PRINT
5820 GOTO 58175
6c100 REM **************** HARDCOPY FIXTURE CU TABLES **************
60105 REM
, 0 I REM
60115 CLS
t30126 PRINT TAB(22. "HARDCOPY -- FXTURE CU TABLES"
612 PRINT :PRINT
v)0176 PF INT TADi20) "This procedure will 12t ;ou :hoose"
b,,1 5 PRINT TAB(20 "a specilic F! ture sU able 'hat is"
.'14) PRINT TAB(20, "s'ored in memory to send to the printer."
60145 PRINT :PRINT
- C15 P cP'.. T;B -r ' fner 1 1 to -ont:nue.

n' 55 T"NT T, E: ' to eturn '.. 4ardcopv Menu"
,16C PINT TAB(2'() :INPUT "B

).3 :F B THEIN)C 061S
01' IF B=' 7'EN RETURN

PFINT :PRINT
v .5FT h, TAB',,) "PRINT FIITh'FE CU TABLES"
o _0 20 PRINT :PRINT :PRINT

42 IT 7AB ' "C40 CE"; " B' ', 'P:'7JFE -vr''
:'2 '. q'IT :F-iNT

'0Z1 -P' -= I

:t)!FFINT - 'A-, TAPB..I EGUFCEsA_:; Ei(6P) 8:OJFCE0.2'
_2.. NEXT.
640- O' FRINT :PRINT
66 )3 PRINT
60240 PRINT TAB(22) A; TAB040) "RETURN TO HARDCOPY MENU"
60245 PRINT :PRINT :PRINT
,0-51) INPUT ' Enter CHOICE # ior i. ture select:on: ", FT
( -55 IF FT i 3R FT a TO t'985
6,:60 REM
60)265 IF CT = THEN RETURN
60270 REM
60275 REM
6028) CLS

1085 PRINT TAB(21) "UPDATE FIXTURE FILES: "; SOUPCE$(FT,): " Fixtures"
60290 PRINT :PRINT
bQ.295 PRINT "CHOICE": TAB(12) "FILE #": TAB(2) "MAE", TAB(37) "MODEL #";
6034X PRINT TAB(51) "MAINT."; TAB(64) "DIST."; TAB(74)"S/MH"
6005 PRINT TAB(50) "CATEGORY"; TAB (64) "TYPE"
60310 PRINT
60315 FOR A=1 TO 10
60320 PRINT TAB(3) A; TAB(12) FCODE$(FT,AI)i TAB(23) FCODE$(FTA,21:
60325 PRINT TAB(37) FCODE$(FT,A ,); TAB(5) -CODE$(FTA,4);
6033: PRINT TAB(65) FIXTDATA(FT,A, ): TAB(74) PIXTDATA(FT,A.1)
ou0,5 NEXT A
(1: WRNT 'PRI NT
60345 INPUT " To print fixture data, enter CHOICE # or (0) to quit: ", FC
60350 IF FC = 0 GOTO 60185
6075" 1F PC OR FC 10 GOTO o.8:5

.. ..... . . .'



_-'0.5 REM
:070 IF FT=I THEN 60795

07 IF FT=' -HEN 60C45('
_08u IF FT=7 THEN 60506
..-K 5F FT=4 'HEN 66645

'F 5T=5 THEN 60700
S5q5 IF PC= THEN OPEN "I", #. "A:INCUI.AT"
0400 IF FC=2 THEN OPEN ", " , "A:INCU2. DAT"

60405 IF FC=. THEN OPEN "I", #, "A:INCU3.OA!"
6410 iF FC=4 THEN OPEN "I". #1, "A:INCU4.DAT"
60415 TF FC=5 THEN OPEN "I", #, "A:INCU5.BT"
6042 IF F= THEN OPEN "I", #, "A:INCU6.DAT"
604., IF FC=7 THEN OPEN "I", #1, "A:INCU7.DAT"
6047( IF FC=9 THEN OPEN "I", #, "A:INCU8.DAT"
.04.5 IF FC= '; THEN OPEN "I ' 1, "A:INCU.DAT'
o44: IF -=I(' THEN OPEN "I", #, "A:INCUIO.DAT"

v0,145 GOTO 665()5
05C'10 IF FC=I THEN OPEN "I", #1, "A:FLCUI.DAT"
2045 IP FC=2 THEN OPEN "I", #, "A:FLCU2.DAT"

- 4 -F - THEN OPEN "I", *1, "A:FLCU.DAT"
'465 IF FC=4 THEN OPEN "I", #1. "A:FLCU4.DAT"

-,4 470 IF FC=5 THEN OPEN "I", #1, "A:FLCU5.DAT""45 F F = HE F N '~ "I, 'T FLCU . ....
J F -C=, THEN OPJEN ". #1 ": __t.OsT"3.,S 7p PC=" THEN OPYEN ": 41, -I:FL0UT,DAT

, .F FC=S THEN OPEN " I #1, 'A:FLCU8.DAT"
:-, ;F FC=; THEN OPEN 'I', 4i "C-:FLCUQ.DAT"
604c5 IF FC=lO THEN OPEN -'I", #J, A:FLCUl0.DAT"
.5(1 REM
50 55 ;OR D=l TO 2
15' 1'. FOP C=l TO

:0515 F-R B=1 TO 1C-.52f 1,14FLUTitI, C UI ,BCD'
-' NE2 E(TB, IE;T C

~T D
-.54' jPR TO

, ,'F B=11 TO :0
bU555 INPUT#!, CU2(BC,D)

f 66 NEXT B
60565 NEXT C
60576 NEXT D
.1, "LOSE $1
1058) SOTO ,:865

6808 REM
-.f90 IF FC=I THEN OPEN "1" 1, 'MVCUI.DAT
605q5 IF FC=2 THEN OPEN "I", C1, "A:MVCU2.DAT"
60600 IF FC=. THEN OPEN "I". C, "AMVCU.DAT"
60605 IF FC=4 THEN OPEN "I", 1, "A:MVCU4.DAT"
-5'610 IF FC=5 THEN OPEN "I", #, "A:MVCUM.DAT"
60615 IF FC=6 THEN OPEN "I", #1, "A:MVCU.ODAT"
bO20 IF FP=7 THEN OPEN "I", #1, "A:MVCU7.DAT"
60625 IF FO=8 THEN OPEN "I", #, "A:MVCU8.OAT"
,66.0 IF FC=9 THEN OPEN "I", #1 "A:MVCUg DAT"

606,5 IF FC=l0 THEN OPEN "I",#*, "A:MVCU10.OAT"
o0640 GOTC "f 755
60645 IF FC=l THEN OPEN "1", #1, "A:MHCU1.DAT"
o06510 IF FC=2 THEN OPEN "I", #1, "A:MHCU2.DAT"
60655 IF FC=. THEN OPEN "I", #. "A:MHCU3.DAT"
60o&) IF FC=4 THEN OPEN "I", C1. "AM' HU4,DAT"

-F -= THEN PEN ' 41. " :HCU5. DAT
6)670 IF FC=6 THEN OPEN "I", #1, "A:MHCU6.DAT"
60675 IF FC=7 THEN OPEN "I", #1, "A:MHCU7.DAT"
v.)6B) IF FC=8 THEN OEN "I" O, 1A:MHCU8. EAT
Z...;35 rF -:,,=I 7,4E&j ZEI I, 4i, "+MHCu%: .A T

* ,t

, :;,.-.-.",..'-.',.,- ,,>'..,".,'..'/'..;.',.'..'.-" -..-.,,:.''.. ... '.- 7,.'..".:"-, "-,.-..-.:-,:--:..:-.,-,-".. "'q'.'';,,'eZ+2.q,',',P,2R',P," ',:,",'



IF FC=jj THEN OPEN "1", 41, "i:MHCI1y~.nAT" I
F -=I1 THEN OPEN " 1" 41, "A: HK UI. DAT"
IF P~C=-' THEN OPEN "I". di. "A:HPCU2.DAT"

0 C=7 THEN OPEN ' , #1, ":HFCU'.9AT"
11 F FC=4 TLIE1 CPEN "I"1 41, " A: HPCU4. DAT"

If IF KC=5 THEN OPEN "I"1 #1, 'A:HPCU5.DAT"
007 FrC= THEN OPEN "I'1 41, 'H':HFCU6.DAT"
fI,' FC=7 THEN OPEN "1". #1, "A:HPCU7.DAT"I

- '175 IF ' -C=8 THEN OPEN "1" 41. "Hi:HPCU8.DAT"
!)*14, IF PC=' THEN OPEN "~ *,1, "A:HPCU9.DAT'

:45~ 1F F-C=10 THEN OPEN "1", 11. ":HPCU1C)DAT"
-o 75u REM

O ,5 OR C 1 0O 4

RN Pu I L T
S FOR C= TO

;3 ~R B=1 TO .

V,')7:5 INPUTI CU4(B.C.D)
j'fNEXT B'

b,:-,"1 NE(T C
61.i810 NEXT D
: 1.3 F REM
60820 CLOSE #1
. 82c GOTO 6 1096

o8:REM
6,"87" CLS
6";840 PRINT " Invalid entry, please try aq~ar."
b0645 PRINT
60851) INPUT " Press *RETUPN: when readv. ". i-I
61)85c GOTO 60! 195

, (87n -'PINT :PRINT :PRINT :PRINT :PRiNT T~~i
6 'i8 7T NPUT "Be sure your Printer is on, Press PETURN, Wher read-Y.". 5
&:00U PRINT :PRINT
66885 PRINT TAB(32) "PRINTING'
-b(890 REM

dU8Q5 LFRINT THAB 5) 'FIXTURE MA4E: ": FC-OD'E$(FT.FC.2):
0, 0 0 LPRINT TAB(5)I) "FIXTUJRE MODEL: "; F1CODE$ T,FC-'.'~5 P RINT :LPFRiNT

o091L ) LPR INT TAB(5) "CFR"; TAB(46) CFRi-2
b0Q15 LPRINT TAB CI5i "CCP": TE4l)CCR(l; TABi-7I CCR('

6)9'( LPRINT TABE54i CCR(Z); TAB(69) CCR(4,.'9 R EMI
~ojq:s LPPINT TAB112. CWR'n: CW P2; CWR: CWP4);~~~4 0 L P R I N T T A B ~ 1 ( W R A I C W R ;: w ( ; C W 4'
of0-45 LPRINT TAB850) CWPQ(; CWR(Th; CWR(4); '
60956 LPRINT TAB%65) CW(',; CWR(4), CWF(4)
60t~955 LFRINT
6()6- REM
b0?65 LPRINT TAB(5) "RCR'
00~97() REM
61":975 FOR A=I TO 10
60960U LPRINT TAEI'5, A;
3'rvB LVF'INT TAdIIC)

5099c LFRINT CUI(A,?,1l:
61"10NEXT B

1 S':' LPRINT TABUM1)'"
Zi.11.) FLYP 2=1 TO 4

Vp



610i5 LPRINT (CU1'A ,2':

61. 25 UPINT T I Bn

:PlFOR Bl TO0
s1.'5 LFFINT OV2A 8. 1);

2'0o640 NEXT t8

1 c.l"'it FOR 81l TO '
01 1)q5 LPRINT CU(A,,2):
01i~lto NEXT B

b65LFRINT C2U2(A,.2)
51y70 NEXTA
.51 . 4P5 EM
'18"iS GOTO 60185
a) ' 85 REM ".******* MV/IMH'HPS FIXTURE CU TABLE PRINT

"'9 5 PRINT :PRINT TABU2::
61160 INPUT "Be sure iour Printer is on, Press ',RETURNYp wnern ready.". 8

F1(" RINT :PRINT
0a.t '1 rR INT TAB):?) "PRINTING"
611 REM
,tIl I LPRINT TAB(S) "FIXTURE MAKE: ", FC0DE$kFT.FC,':;

I12~ 5IPRINT TABI451 "FIXTURE MODEL: ":; FCODES'PTFC)
I17"', LP'RINT :LPPINT

4 5115 LPR INT TAB (10) "OFR" TAB;-s) CFRi2
611±4 0' LrRINT TAB I:() 'OCR% TAB-26' CCRil'; TAB4) CCRK),:
1±45 LPRINT TAB(b(O' rCR5;

5-115' REM
bi1155 LrRiNT TB10' "CW":
51ib) P 'R IN T 'AB (26( CWRhlu;: CWRO2; CWRQ;.i CWR 4.':
a! 165 LPRINT TAB(4O1) CWR(2): CWR'7); CWP(4':
.:)117) LPPINT TAB56 CWR'2); V#.P'4' : WR(i4,
61175 LPNINT

1 Y) REM

75iR FOR A:! TO I
olri n12)K LF'RINT TAB(11.0 A:
612 05 LPRINT TAB20)""
aili') FOR 81l TO 4
61215 LF'RINT CU3(A,B.1);
61220 NEXT B
6c12:5 LPSINT TAB (40)"'
il1276l FOP B-1 TO 7
61275 LPRINT CU4(A,B,1);
b' 140 NEXT B
61245 LPRINT TAB)56)
6 125Q FOR B=1TO2
612550 LPPINT CU4)A,B,2);
:12:61) NEXT B
61265 LPPINT 0U4)A,T,2)
6i2 O NEXT A
51275 REM
61280l GOTO 60185
oiZBS REM
91" REM

.0-F .. -, %



Appendix B: Subroutine Listings

This appendix conta.ns the listings of major

subroutines that -,.ke up the second and third sub-programs

of LIGHTIA. T;a first sub-program is broken into only two

major areas neither of which depend on the other. Because

of this, the first sub-program's breakdown is not included

in this appendix. Listed in this appendix will be the

subroutine's starting line number, and the subroutine's

function (what the subroutine does).

B.1



Program I -- Maior Subroutines

Line Number Subroutine Function

5100 Menu -- B Screen

10100 New Room w/o Tables Screen
11100 New Room w/ Tables Screen
12100 w/o Tables Introduction Screen
13100 w/ Tables Introduction Screen
20100 Screen 1, Room Information
21100 Screen 2, Luminaire Information
22100 Screen 3, Final Design Calcs.
23100 Screen 4, Final Design CaIcs.
24100 Effective Reflectances Calcs.
25100 Luminalre Dirt Depreciation Calcs.
25250 Room Surface Dirt Depreciation Calcs.
25370 Lamp Lumen Depreciation Calcs.

25415 Total Light Loss Factor Calcs.
26100 Charted CU Values
27640 Floor Coefficient Calcs.
27800 Final CU Value Calcs.
27845 Non-stored CU Tables
29100 Number of Fixture Calcs.
30100 Actual FC Level Calcs.
40100 Room Reference Data
41100 AFR 88-15 FC Levels
42100 Room Dimensions and RCR Calcs.
43100 Surface Ref lectances
44100 Room Dirt Conditions
45100 Light Source Types
47100 Fixture Choices
48100 Lamp Choices
50100 Non-tabled Room Information
50115 Room Use w/o Tables
50190 Room Reflectances w/o Tables
51100 Non-stored Fixture Information
54100 Maintenance Categories
55100 Distribution Types
57100 Hardcopy

BI
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ProRram 2 -- MaJor Subroutines

Line Number Subroutine Function

4100 Menu -- C1 Screen
5100 Menu -- C2 Screen
6100 Menu -- C3 Screen

29100 Update AFR 88-15 FC Levels
30100 Update Color Chart
32100 Update Fixture Files
34100 Update Lamp Files
36100 CU Chart Input (Inc. & Fluor. Fixtures)
37100 CU Chart Input (MV, MH & HPS Fixtures)
50100 Maintenance Categories
51100 Distribution Types
54100 Hardcopy AFR 88-15 Information
55100 Hardcopy Color Chart
57100 Hardcopy Fixture Choices
58100 Hardcopy Lamp Choices
60100 Hardcopy Fixture CU Chart
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Appendix C: Hardcopies of Changeable Data Files

This appendix contains a printout of the reference

data contained in the four "changeable" data files. Each

data file title and starting page number is listed below.

These listings can be produced by using the third

sub-program in LIGHTIA.

Title Page

AFR 88-15 FC Requirements ..

Color Chart Information .. ......... C.3

Fixture Choices ..... ............. C.4

Lamp Choices ..... .............. C.6
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AFR 88-15 FC REQUIREMENTS

ROOM TYPE ROOM USE FC LEVEL

I Designer's Choice 0

2 No Designation 30

3 No Designation 50

4 No Designation 70

5 No Designation 100

6 No Designation 150

7 Accounting rooms 75

a Auditoriums 20

9 Cafeterias 25

10 Computer rooms 50

11 Conference rooms 30

12 Corridors 10

13 Drafting rooms 75

14 Elevator mach. rms is

15 EM. Generator rooms 15

16 Garage Enterence 30

17 General Offices 50

18 Janitor's Closet 5

19 Kitchens 70

20 Lobbies 15

21 Lounges 15

22 Mechanical rooms 15

23 Stairways 20

24 Storage rooms 5
25 Swichgear rooms 15
26 Toilets 20

27 Transformer Vaults 15

28 Warehousing: 0

29 Inactive 5

30 Active-bulk 10

31 Rack 20

32 Bin 5

33 Material Handling: 0

34 Control Centers 30

35 Load/Unload 20

36 Conveyor Lines 10

C.2
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COLOR CHART INFORMATION

TYPE # BRAND COLOR REFLECTIVITY

1 DEFAULT CEILING 80
2 DEFAULT WALL 70

3 DEFAULT FLOOR 20
4 0
5 0
6 DURREL Cameo White 86
7 DURREL Winter White 83
8 DURREL Lemon 84
9 DURREL Manilla Beige 77
10 DURREL Pink Marble 74

11 DURREL Butte Orange 31
12 DURREL Lavender Rose 39

13 DURREL Pale Violet 74
14 DURREL Violet Gray 52
15 DURREL Blue Daisy 62

16 DURREL Iceburg 77
17 DURREL Crayon Blue 20
18 DURREL Colonial Green 69
19 DURREL Pastel Green 69
20 DURREL Mint Haze 75

21 DURREL Silver Lining 70
22 DURREL Dawn Gray 77
23 DURREL Sand Tan 68
24 DURREL Ocean Sand 63
25 DURREL Cinnamon 16
26 0
27 0
28 0
29 0
30 0
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FIXTURE CHOICES

Incandescent Fixtures

FILE # MAKE MODEL # MAINT. DIST. S/MH
CATEGORY TYPE

1-01 0 0
1-02 Lithonia ASA-AR V 5 1.1

1-03 0 0
1-04 Lithonia A8A-AR V 51
1-05 0 0
1-06 0 0
1-07 0 0
1-0S 0 0
1-09 0 0
1-10 0 0

Fluorescent Fixtures

FILE # MAKE MODEL # MA1NT. DIST. S/MH
CATEGORY TYPE

F-01 Lithonia 2GS-240 V 5 1.4
F-02 Lithonia 2GS-340 V 5 1.3
F-03 Lithonia 2GS-440 V 5 1.3
F -04 0 0
F-OS 0 0
F -06 0 0
F-07 0 0
F -08 0 0
F -09 0 0
F-10 0 0

Mercury Vapor Fixtures

FILE 0 MAKE MODEL # MAINT. DIST. S/MN
CATEGORY TYPE

MV-01 Ht-Tek TXL-10OH-ARW IV 5 1.7
MV-02 HI-Tek TXL-175-*ARW IV 5 1.6
MV-03 Hi-Tek TXL-25r0H-ARW IV 5 1.6
MV-04 0 0

MV-OS 0 0
MV-06 0 0
MV-07 0 0
MV-08 0 0
Mv-09 0 0
MV-10 0 0
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Metal Halide Fixtures

FILE I MAKE MODEL I MAINT. DIST. S/MH
CATEGORY TYPE

MH-01 Hi-Tek TXL-175M-ARW IV 5 1.8
MH-02 Hi-Tek TXL-250M-ARW IV 5 1.7
MM-03 0 0
MH-04 0 0
MH-05 0 0
MH-06 0 0
MH-07 0 0
MH-08 0 0
MH-09 0 0
MH-10 0 0

High Pressure Sodium Fixtures

FILE 0 MAKE MODEL # MAINT. DIST. S/MH
CATEGORY TYPE

H-01 HI-Tek TX-250S-ARW IV 5 2
H-02 Hi-Tek TX-40S-ARW IV 5 1.7
H-03 0 0
H-04 0 0
H-05 0 0
H-06 0 0
H-07 0 0
H-08 0 0
H-09 0 0
H-10 0 0
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LAMP CHOICES

Incandescent Lamps

FILE 0 CODE WATTS INITIAL MAINT.
LUMENS LUMENS

1-21 75A 75 1190 1190
1-22 75A/CL 75 1190 1190
1-23 OOA 100 1750 1750
1-24 1OOA/CL 100 1750 1750
1-25 150A 150 2880 2880
1-26 ISOA/CL 150 2880 2880
1-27 200A 200 4010 4010

1-28 200A/CL 200 4010 4010
1-29 300M 300 6360 6360
1-30 0 0 0

Fluorescent Lamps

FILE # CODE WATTS INITIAL MAINT.

LUMENS LUMENS

F-21 F4OCW/RS/WM 35 2850 2510
F-22 F4OWW/RS/WM 35 2850 2510F-23 F4OCW 40 3150 2770

F-24 F40WW 40 3150 2770
F-25 F4OCW/U/6 40 2900 2525
F-26 F96T12/CW/WM 60 5600 5150
F-27 F96T12/WW/WM 60 5600 5150
F-28 F96T12/CW 75 6300 5800

F-29 F96T12/WW 75 6300 5800
F-30 0 0 0

Mercury Vapor Lamps

FILE 0 CODE WATTS INITIAL MAINT.
LUMENS LUMENS

MV-21 H75DX43 75 2800 2250
MV-22 0 0 0
MV-23 HIOODX38-4 100 4200 3530
MV-24 0 0 0

MV-25 H175DX39-22 175 8600 7650
MV-26 0 0 0
MV-27 H250DX37-5 250 12100 10400
MV-28 H400DX33-1 400 22500 19100
MV-29 H700DX35-18 700 42000 33600

MV-30 HIOOODX36-IS 1000 63000 4&7500
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Metal Halide Lamps

FILE 0 CODE WATTS INITIAL MAINT.

LUMENS LUMENS

MH-21 MV175/U 175 14000 10800
MH-22 MV175/C/U 175 14000 10200
MH-23 MV250/U 250 20500 17000
MH-24 MV250/C/U 250 20500 16000
MH-25 MV400/U 400 34000 25600
MH-26 MV400/C/U 400 34000 24600
MH-27 MVIOOO/U 1000 110000 88000
MH-28 MViOOO/C/U 1000 105000 83000
MH-29 MV15OO/HBU/E 1500 155000 140000
MH-30 MVI5OO/HBD/E 1500 155000 140000

High Pressure Sodium Lamps

FILE # CODE WATTS INITIAL MAINT.
LUMENS LUMENS

H-21 LUSO 50 3300 2970
H-22 0 0 0
H-23 LU7O 70 5800 5220
H-24 0 0 0
H-25 LUIO0 100 9500 8550
H-26 LU1SO/55 150 16000 14400
H-27 LU200 200 22000 19800
H-28 LU2SO 250 27500 24750
H-29 LU400 400 50000 45000
H-30 LUIO0O 1000 140000 126000

C.7
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Appendix D: Entire Screen Displays for Chapter IV Problem

This appendix contains all the "screens" that the

design engineer would see generated by LIGHT1A while

performing the same lighting design that was done in

Chapter IV.

If on a computer that is IBM compatible, the design

engineer would place the PROGRAM DISK in the A disk drive

of the computer and enter "BASICA LIGHTIA" at the DOS

prompt.

If the design engineer is using the Wang pc computer,

he simply would install BASIC into the computer's momor/.

place the PROGRAM DISK in the A drive, and enter

"A:LIGHTIA" at the BASIC prompt.

Screen D.1 is the first screen that would appear.

Subsequent screens and the appropriate responses are shown.
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* Automated Interior Lighting Design

Version 1.01

* Copyright (c) 1987, Todd A. Grimes, P.E.

a For Information on this program contact:

AFIT/ DEE
AFIT School of Civil Engineering & Services

WPAFB, OH 45433
* Tel: (513) 255-4552

Press <RETURN> to continue.

Screen D.1

RESPONSE: Hit (RETURN>

MENU - - A

TYPE PROCEDURE

I Calculation Program

k2 Update/Hardcopy Program

3 END

Please enter selected procedure:

Screen D.2

RESPONSE: Enter I
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Please place your DATA DISK in the 'A' drive.

Press <RETURN> when ready.

Screen D.3

RESPONSE: Insert Data Disk in Drive A, Hit <RETURN>

MENU -- 8

TYPE PROCEDURE

1 New Room Calcs Fixture Number, w/o Tables

2 New Room Calca Fixture Number, with Tables

3 RETURN TO MAIN MENU

Please enter selected procedure:

Screen D.4

RESPONSE: Enter 2

D.3
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INSTRUCTIONS -- WITH TABLES

This procedure will give you screens that must be
filled out. One screen will be for the room
information, the other screen will be for the fixture
information. To till out the screens, simply enter
the number to the right of the major topic desired.
Tables will be given to you when possible allowing
you to choose the best answer for your situation.

Enter (1) to continue,

(2) to return to MENU -- B

Screen D.5

RESPONSE: Enter I

ROOM INFORMATION REQUIREMENTS

(1) REFERENCE DATA:

Building I Room I Iteration: I

(2) Room Use: FC Requirements: 0

(3) ROOM DIMENSIONS:
Ceiling Height: 0

Length: 0 Perimeter: 0 Fixture Height: 0
Width: 0 Area: 0 Working Height: 0

(4) ROOM REFLECTANCES:

Ceiling Color: Reflectance: 0%
wall Color: Reflectance: 0%
Floor Color: Reflectance: 0%

(5) Room Condition: Cleaning Cycle: 0 months

Enter se'ection I (x) for data input, Or (0) to continue:

Screen D.6

RESPONSE: Enter I
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Please enter the building number: None

Please enter room number: None

This is Iteration 0 1 for this room -- Correct (Y/N) ?

Screen D.7

RESPONSE: Enter proper responses shown, then Enter Y

ROOM INFORMATION REQUIREMENTS

(1) REFERENCE DATA:

Building I None Room 0 None Iteration: I

(2) Room Use: FC Requirements: 0

(3) ROOM DIMENSIONS:
Ceiling Height: 0

Length: 0 Perimeter: 0 Fixture Height: 0
Width: 0 Area: 0 Worklng Height: 0

(4) ROOM REFLECTANCES:

Ceiling Color: Reflectance: 0 %
Wall Color: Reflectance: 0 %
Floor Color: Reflectance: 0 %

(5) Room Condition: Cleaning Cycle: 0 months

Enter selectionS (x) for data input, or (0) to continue:

Screen D.8

RESPONSE: Enter 2

D.5
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FOOTCANDLE LEVEL REQUIREMENTS

You must select the room's actual use along with its

corresponding FC level from the following table. This

table comes from the AFR 88-15, and is split into three

screens. To enter your own FC level, choose 01 on the

first screen.

Press <RETURN> to continue.

Screen D.9

RESPONSE: Hit <RETURN>

ROOM TYPE ROOM USE FC LEVEL

13 Drafting rooms 75

14 Elevator mach. rms 15

15 EM. Generator rooms 15
16 Garage Enterence 30

17 General Offices SO
18 Janitor's Closet S

19 Kitchens 70

20 Lobbies iS
21 Lounges 15

22 Mechanical rooms 15

23 Stairways 20
24 Storage rooms 5

25 OTHER

Enter selected Room Type:

Screen D.10

RESPONSE: Enter 10 (note: one screen not shown)
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You have chosen: General Offices

With a footeandle level of: so

12 this correct (Y/N) ?

Screen D.11

RESPONSE: Enter Y

ROOM INFORMATION REQUIREMENTS

(1) REFERENCE DATA:

Building I None Room # None Iteration: 1

(2) Room Use: General Offices FC Requirements: 50

ke (3) ROOM DIMENSIONS:
q Ceiling Height: 0

Length: 0 Perimeter: 0 Fixture Height: 0
Width: 0 Area: 0 Working Height: 0

(4) ROOM REFLECTANCES:

Coiling Color: Reflectance: 0 %
%Wall Color: Reflectance: 0 %

Floor Color: Reflectance: 0 %

5 Room Condition: Cleaning Cycle: 0 months

Enter selection # (x) for data Input, or (0) to continue:

Screen D.12

RESPONSE: Enter 3
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ROOM DIMENSIONS

To calculate the cavity ratios of the room,
either the room length and width must be
used, or the room perimeter and floor area
must be used.

Which will you be using to calculate the cavity ratios?

Enter (1) for length and width measurements.
(2) for perimeter and area measurements.

7

Screen D.13

RESPONSE: Enter I

Enter the following room dimensions (in feet):

Room Length: ? 40
Room Width: ? 40

Floor To Ceiling Height: ? 10
Floor To Fixture Height: ? 8
Floor To Working Surface Height: ? 2.5

'. Screen D.14

RESPONSE: Enter proper room dimensions

D.8

j: r- - %. % ' | ' i 1



Please verify the following information:

The Room Length: 40 ft.
The Room Width: 40 ft.
The Room Perimeter: 160 ft.
The Room Floor Area: 1600 ft'2

The Floor to Ceiling Height: 10 ft.
The Floor to Fixture Height: 8 ft.
The Floor to Working Surface Height: 2.5 ft.

Is everything correct (Y/N) ?

Screen D.15

RESPONSE: Enter Y

ROOM INFORMATION REQUIREMENTS

(1) REFERENCE DATA:

Building 0 None Room 0 None Iteration: I

(2) Room Use: General Offices FC Requirements: SO

(3) ROOM DIMENSIONS:

Ceiling Height: 10
Length: 40 Perimeter: 160 Fixture Height: 8
Width: 40 Area: 1600 Working Height: 2.5

(4) ROOM REFLECTANCES:

Ceiling Color: Reflectance: 0 %
Wall Color: Reflectance: 0 %
Floor Color: Reflectance: 0 %

(5) Room Condition: Cleaning Cycle: 0 months

Enter selection 0 (x) for data input, or (0) to continue:

I

Screen D.16

RESPONSE: Enter 4
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SURFACE REFLECTANCES

You need to choose the color and reflectance ratings

of the ceiling, the walls, and the floor. Following
are 3 screens full of colors and their associated
reflectances to make your choices from. Please enter
the TYPE # In the sequence indicated.

Press <RETURN> to continue.

9

Screen D.17

RESPONSE: Hit <RETURN>

TYPE BRAND COLOR REFLECTIVITY

I DEFAULT CEILING 80
2 DEFAULT WALL 70
3 DEFAULT FLOOR 20
4 0
5 0
6 DURREL Cameo White 86
7 DURREL Winter White 83
8 DURREL Lemon 84
9 DURREL Manilla Beige 77
10 DURREL Pink Marble 74

11 OTHER

To select, Enter TYPE I

TYPE I for Ceiling Color:

Screen D.18

RESPONSE: Enter 7

D.10
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TYPE BRAND COLOR REFLECTIVITY

21 DURREL Silver Lining 70
22 DURREL Dawn Gray 77
23 DURREL Sand Tan 68
24 DURREL Ocean Sand 63
25 DURREL Cinnamon 16
26 0
27 0
28 0
29 0
30 0

31 OTHER

To select, Enter TYPE S

TYPE 0 for Cailing Color: 7
TYPE I for Wall Color:

Screen D.19

RESPONSE: Enter 21

TYPE BRAND COLOR REFLECTIVITY

11 DURREL Butte Orange 31
12 DURREL Lavender Rose 39
13 DURREL Pale Violet 74
14 DURREL Violet Gray 52
I5 DURREL Blue Daisy 62
i6 DURREL lceburg 77
17 DURREL Crayon Blue 20
18 DURREL Colonial Green 69
19 DURREL Pastel Groen 69
20 DURREL Mint Haze 7S

21 OTHER

To select. Enter TYPE #

TYPE 0 for ceiling Color: 7
TYPE # for Wall Color: 21

* TYPE # for Floor Color:

RESPONSE: Enter 17ScenD2
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You have chosen:

Winter White with a 83 % Reflectivity for the Ceiling.

Silver Lining with a 70 % Reflectivity for the Walls.

Crayon Blue with a 20 % Reflectivity for the Floor.

Are these all correct (Y/N) ?

Screen D.21

RESPONSE: Enter Y

* ROOM INFORMATION REQUIREMENTS

(1) REFERENCE DATA:

Building 0 None Room S None Iteration: I

(2) Room Use: General Offices FC Requirements: 50

(3) ROOM DIMENSIONS:
Ceiling Height: 10

Length: 40 Perimeter: 160 Fixture Height: 8

Width: 40 Area: 1600 Working Height: 2.5

(4) ROOM REFLECTANCES:

Ceiling Color: Winter White Reflectance: 83 %

Wall Color: Silver Lining Reflectance: 70 %

Floor Color: Crayon Blue Reflectance: 20 %

(5) Room Condition: Cleaning Cycle: 0 months

Enter selection I (x) for data input, or (0) to continue:

Screen D.22

RESPONSE: Enter 5
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ROOM DIRT CONDITIONS

You must select a 'Dirt Condition',
and a cleaning cycle for the room.

Press <RETURN> to continue.

Screen D.23

RESPONSE: Hit <RETURN>

DEGRFES OF ROOM DIRT CONDITION

DEGREE EXAMPLE CONDITION

1 6 Very Clean
2 7Clean
3 8Medium
4 9Dirty
5 10 Very Ditty

Enter DEGREE I to select condition or,
EXAMPLE 0 to see explaination of condition.

Selection:

Screen D.24

RESPONSE: Enter 7
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CONDITION : Clean

GENERATED DIRT Very Little

AMBIENT DIRT Some / Almost None Enters Area

REMOVAL OR Better than Average

FILTRATION

.ADHESION Slight

EXAMPLES Normal Office, Inspection Area

Press <RETURN> when ready to continue.

Screen D.25

RESPONSE: Hit <RETURN>

DEGREES OF ROOM DIRT CONDITION

DEGREE EXAMPLE CONDITION

1 6 Very Clean
2 7 Clean
3 8 Medium
4 9 Dirty

5 10 Very Dirty

Enter DEGREE 0 to select condition or,
EXAMPLE # to see explaination of condition.

Selection: 2

Please indicate the normal time between fixture cleaning.
Example: Cleaned once every three years 2 36 months.

Your cleaning cycle time (in months)?

Screen D.26

RESPONSE: Enter 2, then Enter 18
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You have chosen:

A Room Dirt Condition of: Clean

and a Cleaning Cycle of: 18 months

Are these correct (Y/N)?

Screen D.27

RESPONSE: Enter Y

ROOM INFORMATION REQUIREMENTS

(1) REFERENCE DATA:

Building 0 None Room # None Iteration: I

(2) Room Use: General Offices FC Requirements: SO

(3) ROOM DIMENSIONS:
Ceiling Height: 10

Length: 40 Perimeter: 160 Fixture Height: 8

Width: 40 Area: 1600 Workling Height: 2.5

(4) ROOM REFLECTANCES:

Ceiling Color: Winter White Reflectance: 83 %

Wall Color: Silver Lining Reflectance: 70 %

Floor Color: Crayon Blue Reflectance: 20 %

(5) Room Condition: Clean Cleaning Cycle: 18 months

Enter selection I (x) for data input, or (0) to continue:

Scroen D.28

RESPONSE: Enter 0
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LIGHT SOURCE CHOICES

CHOICE LIGHT SOURCE TYPE

I Incandescent (INC)

2 Fluorescent (F)
3 Mercury Vapor (MV)
4 Metal Halide (MH)

5 High Pressure Sodium (HPS)

Enter CHOICE # for source selection: 2

Do you want to use a fixture stored in memory (Y/N) ?

Screen D.29

RESPONSE: Enter 2, then Enter N

LUMINAIRE INFORMATION

Please enter the following information on the fixture you wish to use:
(Enter '0' to get help, when shown)

Fixture Make: Lithonia
Fixture Model: 2PM4-240

Maintenance Category (OR "0'):

Screen D.30

RESPONSE: Enter proper data shown, then Enter 0
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MAINTENANCE CATEGORIES

CHOICE EXAMPLE MAINTENANCE AMOUNT OF
CATEGORY WORK

* 7 1 Most

2 8 II -

3 9 1i1 Some

4 10 IV Some

5 11 V

6 12 VI Least

Enter CHOICE f tor selection or,

EXAMPLE S for explalnation.

Screen D.31

RESPONSE: Enter 11

MAINTENANCE CATEGORY EXAMPLE

CATEGORY V

TOP ENCLOSURE:

I .Transparent unaperatured.

2 . Translucent unaperatured.

3 . Opaque unaperatured.

BOTTOM ENCLOSURE:

1 . Transparent unaperatured.

2 . Translucent unaperatured.

Press <RETURN> when ready to continue.

Screen D.32

RESPONSE: Hit <RETURN>
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MAINTENANCE CATEGORIES

CHOICE EXAMPLE MAINTENANCE AMOUNT OF
CATEGORY WORK

1 7 I Most

2. 8 1I

3 9 I11 Some

4 10 IV Some

5 11 V
6 12 VI Least

Enter CHOICE I for selection or,

EXAMPLE S for explaination.

Screen D.33

RESPONSE: Enter 5

LUMINAIRE INFORMATION

Please enter the following Information on the fixture you wish to use:

(Enter '0' to get help, when shown)

Fixture Make: Lithonia

Fixture Model: 2PM4-240

Maintenance Category (OR '0'): V

Distribution Type (OR '0'):

Screen D.34

RESPONSE: Enter 0
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FIXTURE DISTRIBUTION TYPES

TYPE DISTRIBUTION % UP %DOWN

1 Indirect 90-100 0-10
2 Semi-Indirect 60-90 10-40
3 Direct-Indirect 40-60 60-40
4 Semi-Direct 10-40 60-90
5 Direct 0-10 90-100

Enter TYPE * for selection:

Screen D.35

RESPONSE: Entei 5

LUMINAIRE INFORMATION

Please enter the following information on the fixture you wish to use:
(Enter '0' to get help, when shown)

Fixture Make: Li thonia
Fixture Model: 2PM4-240

Maintenance Category (OR '0'): V
Distribution Type (OR '01): 5
Spacing-to-Mounting Height: 1.2

Lamp Type: F40
Lamp Wattage: 40
Lamp Quantity: 2
Initial Lumens: 3150
Maintained Lumens (or '0O for default): 2770

Screen D.36

RESPONSE: Enter proper data shown
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LUMINAIRE INFORMATION

Please verify the following:

Fixture Make: Lithonia

Fixture Model: 2PM4-240

Maintenance Category:

Spacing-to-Mounting Height: 1.2

Lamp Type: F40
Lamp Wattage: 40
Lamp Quantity: 2
Initial Lumens: 3150
Maintained Lumens: 2770

Is everything correct (Y/N)

Screen D.37

RESPONSE: Enter Y

LUMINAIRE INFORMATION REQUIREMENTS

Building # None Room I None Iteration:

(1) LUMINAIRE INFORMATION:

Fixture File # S/MH Ratio: 1.2
Fixture Make: Lithonia Maintenance Category: V
Fixture Model: 2PM4-240 Distribution Type: S

(2) LAMP INFORMATION:

Lamp File # Lamp Watts: 40
Lamp Type: F40 Initial Lumens: 3150
Quantity: 2 Maintained Lumens: 2770

(3) DIFFERENT SOURCE TYPE

Enter selection 0 (x) for data input, or (0) to continue:

Screen D.38

RESPONSE: Enter 0
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Crittcai PFR 20
CU PCR 80 70
Values PWR 70 70

RCR

I :(1) (2)

2 3 (4)

Please enter the following values from the Fixture's CU chart
to fill in the chart above. If value is not given on Fixture's
CU chart, enter '0', or do manual extrapolation and enter value.

I ) ? 77
2) ? 75

(3 ? 71
A) ? 70

Screen D.39

RESPONSE: Enter proper values shown

Please check:

Critical CU Values from the Fixture Chart

PFR 20
PCR 80 70
PWR 70 70
RCR

1 77 75

2 71 70

Is everything correct (Y/N) ?

Screen D.40

RESPONSE: Enter Y
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FINAL DESIGN CALCULATIONS

Building # None Room I None Iteration: I

Room Use: General Offices FC Required: 50

CCR = 0.50 Ceiling Reflectance: 83 Effective: 76

RCR = 1.38 Wall Reflectance: 70

FCR = 0.63 Floor Reflectance: 20 Effective: 21

Fixture Make: Lithonia Model # 2PM4-240 2 tube

critical PFR 20 S/MH Ratio = 1.2

CU PCR 80 70

Values PWR 70 70 Total LLF = 0.727

RCR
-------------------. Final CU = 0.745

1 77 75

2 71 70

Number of Fixtures Required: 23.44

How many fixtures do you want to use ?

Screen D.41

RESPONSE: Enter 24

FINAL DESIGN CALCULATIONS

Building S None Room # None Iteration: I

Room Use: General Offices FC Required: 50

Fixture Make: Lithonia Model 0 2PM4-240 2 tube

LLD = 0.879 Floor Cavity Factor = 1.007

LOD = 0.853 Final CU Value = 0.745

RSDD = 0.969

Total LLF z 0.727 S/MH Ratio = 1.2

Spacing Criteria (ft): 6.6

Initial FC Level: 70 Fixture I Required: 23.44

Maintained FC Level: 51 Fixture S Used: 24

ENTER:

(1) To do another iteration of this room

(2) To go to Main Menu, clearing all variables

3) To get a hardcopy, and return to this screen

Screen D.42

RESPONSE: Enter 3, then Enter 2 after Hardcopy

prints (see next page)
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INTERIOR LIGHTING DESIGN PROGRAM OUTPUT

BUILDING # None ROOM # None ITERATION: 1

ROOM INFORMATION:

Use: General Offices FC Required: 50

Length: 40 Perimeter: 160
Width: 40 Area: 1600

Ceiling Height: 10 CCR: 0.50
Fixture Height: 8 RCR: 1.38
Working Height: 2.5 FCR: 0.63

C. Color: Winter White Reflectance: 83 Effective: 76
W. Color: Silver Lining Reflectance: 70
F. Color: Crayon Blue Reflectance: 20 Effective: 21

Room Condition: Clean Cleaning Cycle: 18 months

LUMINAIRE INFORMATION:

Fixture File #
Fixture Make: Lithonia Lamp File S
Fixture Model: 2PM4-240 Lamp Type: F40

S/MH Ratio: 1.2 Lamp Quantity: 2
Maintenance Category: V Initial Lumens: 3150
Distribution Type: 5 Maintained Lumens: 2770

Necessary Values from
Fixture's CU Chart: LLD: 0.879

LDD: 0.853
PFR 20 RSDD: 0.969
PCR 80 70 Total LLF: 0.727
PWR 70 70
RCR Floor Cavity Factor: 1.007

Final CU: 0.745
I 77 75
2 71 70

RESULTS: Spacing Criteria (ft): 6.6

Fixture # Required: 23.44 Initial FC Level: 70
Fixture # Used: 24 Maintained FC Level: 51

Hardcopy printout for permanent records
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